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1 DINITROPHENOLS 
1. PUBLIC HEALTH STATEMENT 
This statement was prepared to give you information about dinitrophenols and to emphasize 
the human health effects that may result from exposure to them. The Environmental 
Protection Agency (EPA) has identified 1,408 hazardous waste sites as the most serious in the 
nation. These sites make up the National Priorities List (NPL) and are the sites targeted for 
long-term federal clean-up activities. Dinitrophenols have been found in at least 61 of the 
sites on the NPL. However, the number of NPL sites evaluated for dinitrophenols is not 
known. As EPA evaluates more sites, the number of sites at which dinitrophenols are found 
may increase. This information is important because exposure to dinitrophenols may cause 
harmful health effects and because these sites are potential or actual sources of human 
exposure to dinitrophenols. 
When a substance is released from a large area, such as an industrial plant, or from a 
container, such as a drum or bottle, it enters the environment. This release does not always 
lead to exposure. You can be exposed to a substance only when you come in contact with it. 
You may be exposed by breathing, eating, or drinking substances containing the substance or 
by skin contact with it. 
If you are exposed to substances such as dinitrophenols, many factors will determine whether 
harmful health effects will occur and what the type and severity of those health effects will 
be. These factors include the dose (how much), the duration (how long), the route or 
pathway by which you are exposed (breathing, eating, drinking, or skin contact), the other 
chemicals to which you are exposed, and your individual characteristics such as age, sex, 
nutritional status, family traits, lifestyle, and state of health. 
1.1 WHAT ARE DINITROPHENOLS? 
Dinitrophenols are a class of synthetic organic chemicals that can exist in six individual 
forms. Dinitrophenols do not occur naturally in the environment. This profile mainly 
contains information on the most commercially important dinitrophenol, 2,4-dinitrophenol, 
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which is called DNP in this document. Industries manufacture dinitrophenols. DNP is sold 
under many trade names, some are Caswell No. 392, Sulfo Black B, and Nitro Kleenup. It is 
a yellow solid with no known smell. It dissolves slightly in water. DNP present in water and 
soil as a pollutant does not easily evaporate to air. The taste of DNP is not known. 
Commercial DNP is primarily used for making dyes, other organic chemicals, and wood 
preservatives. It is also used to make photographic developer, explosives, and insect control 
substances. You will find further information on the physical properties and uses of DNP in 
Chapters 3 and 4 of this profile. 
1.2  WHAT HAPPENS TO DINITROPHENOLS WHEN THEY ENTER THE
 ENVIRONMENT? 
DNP enters the air, water, and soil during its manufacture and use. It forms in the air when 
other pollutants react with oxides of nitrogen present in polluted air. Automobile exhaust 
releases DNP into the air. Burning certain wastes also produces DNP. Wastes containing 
DNP that are generated during its manufacture and use are sometimes disposed in landfills. 
DNP enters the environment from these landfills. It also enters the environment from 
accidental spills during transport and leaks from storage containers. 
The loss of DNP into air due to chemical reactions with other pollutants or interaction with 
sunlight may not be significant. It eventually returns from air to land and water by settling 
and washout by snow and rainwater. We do not know how long it stays in the air before it is 
removed. Chemical reactions do not remove significant amounts of DNP from natural bodies 
of water. The action of microorganisms in water may be the most important process to 
remove DNP from water. The loss of DNP from water due to evaporation into air is 
insignificant. The percentage of DNP in water that sticks to particles present in water 
becomes substantial in acidic water containing particles high in organic matter and clay. This 
process partially transfers DNP from water to the bottom sediment. DNP is not likely to 
build up in fish from water. We do not know how long DNP remains in water. Chemical 
reactions do not remove DNP from soil under natural conditions. The loss of DNP from soil 
to the air due to evaporation is not important. The extent that DNP seeps into soil from 
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rainwater depends on the properties of the soil. DNP may travel deeper into certain soils than 
others, especially soils that are not acidic. Groundwater from a few disposal sites contains 
DNP. DNP in soil is destroyed primarily by microorganisms. It may take between 4 and 
80 days for the level of DNP in soil to decrease by half. You will find further information 
about the fate and movement of DNP in the environment in Chapter 5. 
1.3  HOW MIGHT I BE EXPOSED TO DINITROPHENOLS? 
During the 1930s DNP was used extensively as a diet pill, so those most exposed were 
dieters who used these pills. Because of the harmful effects observed (cataracts in young 
people) the use of DNP was stopped by the United States government in 1938. Since that 
time, there has been at least one case where a doctor gave DNP to patients for weight 
reduction even though DNP is known to be harmful. Today, people can be exposed to DNP 
by breathing contaminated air, drinking contaminated water, eating contaminated food, or by 
contact with contaminated soil. Other than the air in certain workplaces, the levels of DNP in 
air we breathe are not known. DNP is present in waste water from certain industries. For 
example, waste water from a dye manufacturing plant contained 3.2 milligrams DNP per liter 
of water (mg/L) (1 mg = one thousandth of a gram and 1 liter = about one quart). 
Groundwater from a waste site that was once occupied by a factory that used DNP contained 
30.6 mg DNP/L of water. The levels of DNP in drinking water and food are not known. 
Certain people may be exposed to low levels of DNP where they live or work. People who 
live near waste sites with DNP may be exposed by breathing contaminated air. Children 
playing at or near these sites may be exposed by touching and eating soil that contains DNP. 
You may be exposed to DNP if your work involves manufacturing or using DNP. You also 
may be exposed to DNP if your work involves incinerating certain wastes or cleaning up 
waste sites containing DNP. You will find more information about DNP exposure in Chapter 
5 of this profile. 
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1.4  HOW CAN DINITROPHENOLS ENTER AND LEAVE MY BODY? 
DNP can readily enter your body through the lungs by breathing, through the stomach if 
swallowed. It can probably be absorbed through the skin also. Animal studies show that 
after DNP enters the body, the blood can carry it to organs and tissues such as the liver, the 
kidneys, and the eyes. DNP does not build up in organs and tissues, but it is metabolized or 
broken down to other chemicals. We do not know if these breakdown products are harmful. 
DNP and these breakdown products leave your body in the urine. More information on how 
DNP moves in the body can be found in Chapter 2. 
1.5  HOW CAN DINITROPHENOLS AFFECT MY HEALTH? 
Most of what we know about how DNP can affect your health comes from old reports by 
doctors who prescribed DNP to patients who wanted to lose weight. A person could even 
buy DNP at a drug store without a prescription. DNP has been banned by the U.S. Food and 
Drug Administration as a diet pill since 1938 because of the harmful effects that occurred in 
their patients, especially cataracts. Most of the ways that DNP can affect your health do not 
depend on how you are exposed or for how long. Some people who took DNP were harmed, 
while others were not, even though they took the same or higher doses. Although some 
people became ill after taking DNP for short periods, other people could take DNP for longer 
periods before becoming ill. This means that some people are more sensitive to the harmful 
effects of DNP than others. Brief or long-term exposure to DNP can cause increased basal 
metabolic rates (the rate that you use energy at complete rest); a feeling of warmth; sweating; 
weight loss; and increased heart rate, breathing rate, and body temperature. Some or all of 
these effects have occurred in some people after they swallowed doses as high as 
46 milligrams of DNP per kilogram of their body weight per day (mg/kg/day) or doses as low 
as 1 mg/kg/day DNP. Some people who took doses of 2 mg/kg/day DNP or more for short 
or long periods experienced numbness in their hands and feet. Some people who swallowed 
doses of 6 mg DNP/kg/day for short periods or doses of 1 to 4 mg/kg/day DNP for long 
periods had a serious decrease of certain types of white blood cells that fight disease. Some 
people who swallowed doses of 1 to 4 mg/kg/day DNP for short or for long periods 
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developed serious skin reactions that sometimes disappeared even while they were still being 
exposed. DNP caused cataracts in both eyes of some people who swallowed about 2 to 
4 mg/kg/day DNP for short or long periods. This condition could lead to blindness in both 
eyes. If you breathe in, swallow, or have skin contact with large amounts of DNP, you may 
die. A few people have died after swallowing 3 to 46 mg/kg/day of DNP for short periods or 
doses as low as 1 to 4 mg/kg/day for long periods. Some workers who breathed in air 
containing 40 mg DNP per cubic meter of air (mg/m3) or more for long periods have also 
died. 
The effects of DNP found in animals are similar to those in humans, except that the effects 
on feeling in the hands and feet, and on white blood cells were not found in animals. 
Cataracts also occurred in some types of animals that swallowed DNP. 
We do not know whether DNP causes reproductive or birth defects or cancer in humans. One 
study in rats suggested that if DNP is swallowed during pregnancy or nursing, it may cause 
death in newborn babies. Two other studies in mice suggested that DNP did not have effects 
on the unborn infant. We do not know whether DNP causes cancer in animals. More 
information on the harmful effects of DNP can be found in Chapter 2. 
1.6  IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
      EXPOSED TO DINITROPHENOLS? 
DNP can be measured in blood, urine, and several body tissues. The main breakdown 
product of DNP in people, 2-amino-4-nitrophenol, can also be measured in the blood, urine, 
and tissues. The Derrien test is routinely used to measure this breakdown product in urine. 
This test produces a purple color if 2-amino-4-nitrophenol is present, but similar chemicals 
can also produce a purple color with this test. The total amount or concentration of DNP and 
its main breakdown products in urine or blood is a better indicator of DNP exposure. More 
modern tests can now identify and measure total DNP and breakdown products in blood or 
urine. However, these tests are not routinely available at your doctor’s office, but can be 
performed at special laboratories or hospitals. These tests have not been used to tell exactly 
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how much DNP people were exposed to or for how long. They also have not been used to 
predict harmful effects. More information on medical tests can be found in Chapters 2 and 6. 
1.7  WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
      PROTECT HUMAN HEALTH? 
EPA lists DNP as a hazardous air pollutant under the Clean Air Act. EPA recommends that 
the amount present in bodies of water, such as lakes and rivers, should not be more than 
0.07 mg/L in water used for swimming or where water might possibly be swallowed. No 
more than 0.765 mg/L should be present in water where people catch fish to eat, but there is 
no swimming. 
EPA requires industry to report releases or spills of 10 pounds or more of DNP. EPA has 
designated DNP as a hazardous substance, and intends to cancel, restrict, or require 
reregistration of pesticide products containing dinitrophenols. DNP is also listed as a waste 
constituent and specific regulations regarding its disposal are in effect. 
1.8 WHERE CAN I GET MORE INFORMATION? 
If you have any more questions or concerns, please contact your community or state health or 
environmental quality department or: 
Agency for Toxic Substances and Disease Registry
 
Division of Toxicology
 
1600 Clifton Road NE, Mailstop E-29
 
Atlanta, Georgia 30333
 
(404) 639-6000 
This agency can also provide you with information on the location of occupational and 
environmental health clinics. These clinics specialize in the recognition, evaluation, and 
treatment of illness resulting from exposure to hazardous substances. 
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2.1 INTRODUCTION 
The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and 
other interested individuals and groups with an overall perspective of the toxicology of dinitrophenols 
(DNPs). It contains descriptions and evaluations of toxicological studies and epidemiological 
investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic 
data to public health. 
There are six isomers of dinitrophenol (DNP): 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, and 3,5-DNP. Dinitrophenol 
(commercial mixture of 2,4-DNP and smaller amounts of 2,3- and 2,6-DNP) is used in the synthesis of 
dyes, picric acid, picramic acid, wood preservatives, photographic developers, explosives, and 
insecticides. 2,5-DNP is also used in the manufacture of dyes and organic chemicals. Information on the 
use of the other isomers is not available (see Section 4.3). 2,4-DNP was used in the 1930s as a weight-
reduction drug, but this was discontinued in 1938 because of the many reports of adverse effects in people 
who used it. Virtually all of the available information on the toxic effects and toxicokinetics of DNP after 
inhalation, oral, or dermal exposure is for 2,4-DNP. No studies were located regarding the toxic effects of 
2,3-, 2,5-, 3,4-, or 3,5-DNP in humans or animals by these exposure routes. Two oral studies on the ocular 
effects of 2,6-DNP in chickens were located. An in vitro genotoxicity study of 2,3-, 2,5-, 2,6-, and 3,6-
DNP was available (see Section 2.4). The only studies located regarding toxic effects of 2,3-, 2,5-, 3,4-, 
and 3,5-DNP were conducted by parenteral routes in animals (see Section 2.4). Therefore, the focus of 
Chapter 2 is on 2,4-DNP. 
A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 
2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 
To help public health professionals and others address the needs of persons living or working near 
hazardous waste sites, the information in this section is organized first by route of exposure-
inhalation, oral, and dermal; and then by health effect-death, systemic, immunological, neurological, 
reproductive, developmental, genotoxic, and carcinogenic effects. These data are discussed in terms of 
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three exposure periods-acute (14 days or less), intermediate (15-364 days), and chronic (365 days or 
more). 
Levels of significant exposure for each route and duration are presented in tables and illustrated in 
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-
observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the 
studies. LOAELs have been classified into “less serious” or “serious” effects. “Serious” effects are 
those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute 
respiratory distress or death). “Less serious” effects are those that are not expected to cause significant 
dysfunction or death, or those whose significance to the organism is not entirely clear. ATSDR 
acknowledges that a considerable amount of judgment may be required in establishing whether an end 
point should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some 
cases, there will be insufficient data to decide whether the effect is indicative of significant 
dysfunction. However, the Agency has established guidelines and policies that are used to classify 
these end points. ATSDR believes that there is sufficient merit in this approach to warrant an attempt 
at distinguishing between “less serious” and “serious” effects. The distinction between “less serious” 
effects and “serious” effects is considered to be important because it helps the users of the profiles to 
identify levels of exposure at which major health effects start to appear. LOAELs or NOAELs should 
also help in determining whether or not the effects vary with dose and/or duration, and place into 
perspective the possible significance of these effects to human health. 
The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and 
figures may differ depending on the user’s perspective. Public health officials and others concerned 
with appropriate actions to take at hazardous waste sites may want information on levels of exposure 
associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which 
no adverse effects (NOAELs) have been observed. Estimates of levels posing minimal risk to humans 
(Minimal Risk Levels 1 or MRLs) may be of interest to health professionals and citizens alike. 
A User’s Guide has been provided at the end of this profile (see APPENDIX A). This guide should aid 
in the interpretation of the tables and figures for Levels of Significant Exposure and MRLs. 
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2.2.1 Inhalation Exposure 
Only two studies were identified that described the effects of inhalation exposure to dinitrophenols 
(DNPs). Both report cases of illness and death associated with occupational exposure to 2,4-DNP. 
The first study (Perkins 1919) reports findings in workers exposed to 2,4-DNP in the munitions 
industry in France during World War I. The second (Gisclard and Woodward 1946) reports two 
fatalities occurring in the United States during the manufacture of 2,4-DNP as an intermediate in the 
manufacture of picric acid. Although these studies provide no reliable quantitation of exposure levels, 
and it is likely that exposure occurred by the dermal and possibly oral routes as well as by inhalation, 
they do provide useful qualitative information on health effects and are discussed below. No studies 
were located regarding effects in animals after inhalation exposure to 2,4-DNP. 
No studies were located regarding health effects in humans or animals after inhalation exposure to 
2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP. 
2.2.1.1 Death 
Fatal cases of 2,4-DNP poisoning were reported among workmen in the munitions industry in France 
(Perkins 1919). These men were exposed to airborne vapor and dust of 2,4-DNP and had direct 
dermal contact with the chemical in solid form. There was poor quantitation in this study since 
neither duration nor level of exposure was reported. Fatal cases were noted especially among 
alcoholics or workers with renal or hepatic disease. The deaths were preceded by sudden onset of 
extreme fatigue, elevation of the body temperature to ≥40 °C, and other clinical signs of 2,4-DNP 
poisoning, such as profuse sweating, thirst, and labored respiration. No characteristic lesions were 
found at autopsy. Incidence data were not available. Following the institution of better ventilation, 
use of masks, and other industrial hygiene measures to minimize exposure, the numbers of deaths per 
10,000 tons 2,4-DNP manufactured per year decreased ≈14-fold. Similarly, two workers exposed to 
mists and dust of 2,4-DNP in a U.S. chemical plant for a few months developed signs of toxicity 
(fever, profuse sweating, restlessness); following treatment and rest, then a return to the job, both 
collapsed, and died (Gisclard and Woodward 1946). The warmer weather during the second period of 
exposure (duration not specified) was thought to be a contributing factor because of the greater skin 
exposure and potential for increased dermal absorption, and may have exacerbated the effects. 
Workroom air levels, determined after the deaths occurred, were “normally” at least 40 mg/m3, but this 
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value may underestimate breathing zone levels. In addition, significant dermal exposure and even oral 
absorption may have contributed to the total dose. 
No studies were located regarding death in animals after inhalation exposure to 2,4-DNP. 
2.2.1.2 Systemic Effects 
No studies were located regarding cardiovascular, hematological, musculoskeletal, endocrine, dermal, 
or ocular effects in humans or animals after inhalation exposure to 2,4-DNP. The limited information 
regarding systemic effects in humans is discussed below. 
Respiratory Effects. Workmen exposed to 2,4-DNP in the French munitions industry exhibited 
short and labored respiration, but the lungs were clear on physical examination (Perkins 1919). 
Autopsies of fatal cases did not reveal any characteristic lesions other than edema of the lungs, which 
was thought to be secondary to “intoxication of the vasomotor system.” Details of this study are 
provided in Section 2.2.1.1; exposure levels, durations, and incidences were not characterized. 
No studies were located regarding respiratory effects in animals after inhalation exposure to 2,4-DNP. 
Gastrointestinal Effects. Clinical signs in workmen exposed to 2,4-DNP in the French munitions 
industry included anorexia followed by nausea and vomiting (Perkins 1919). Autopsies of fatal cases 
revealed no characteristic lesions. Details of this study are provided in Section 2.2.1.1; exposure 
levels, durations, and incidences were not characterized. 
No studies were located regarding gastrointestinal effects in animals after inhalation exposure to 
2,4-DNP. 
Hepatic Effects. Autopsies of workers who died from exposure to 2,4-DNP in the French 
munitions industry did not reveal any characteristic lesions; no consistent microscopic changes of the 
liver were revealed during microscopic examination (Perkins 1919). Details of this study are provided 
in Section 2.2.1.l; exposure levels, durations, and incidences were not characterized. 
No studies were located regarding hepatic effects in animals after inhalation exposure to 2,4-DNP. 
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Renal Effects. Autopsies of workers who died from exposure to 2,4-DNP in the French munitions 
industry did not reveal any characteristic lesions; no consistent changes of the kidney were revealed 
during microscopic examination (Perkins 1919). Details of this study are provided in Section 2.2.1.1; 
exposure levels, durations, and incidences were not characterized. 
No studies were located regarding renal effects in animals after inhalation exposure to 2,4-DNP. 
Body Weight Effects. Workmen exposed to 2,4-DNP in the French munitions industry 
experienced weight loss to the point of excessive thinness after several months of exposure (Perkins 
1919). Details of this study are provided in Section 2.2.1.1; amount of weight loss, exposures, and 
durations were not characterized. 
No studies were located regarding body weight effects in animals after inhalation exposure to 
2,4-DNP. 
Metabolic Effects. Workmen exposed to 2,4-DNP in the French munitions industry had 
characteristic signs and symptoms of toxicity (Perkins 1919). Details of this study are provided in 
Section 2.2.1.1; exposure levels and durations were not characterized. Gastrointestinal signs are 
discussed in the appropriate section above. In mild cases, the workers experienced increased sweating, 
particularly at night. Moderate cases, which were generally preceded by the signs noted for mild 
cases, included rapid onset of fatigue, moderately elevated body temperature, profuse sweating, thirst, 
markedly decreased urinary volume, short and labored respiration (but clear lungs), and agitation. 
Fatal cases, which occurred particularly among alcoholics and workers with renal or hepatic disease, 
included rapid onset of extreme fatigue, elevated body temperature (≥40 °C), profuse sweating that 
stained the skin yellow, intense thirst, dehydration, constriction of the pupils, and convulsions. The 
temperature continued to rise after death, and rigor mortis set in rapidly. Incidence data were not 
available. The graphical depiction of data from one factory showed a tendency toward higher 
percentages of clinical cases of intoxication during the warmer months, and a decrease in total 
percentages of clinical cases (from as high as 20% to 0-6%) after better industrial hygiene practices 
were instituted. In a case report of the death of two workers exposed to mists and dusts of 2,4-DNP 
in a U.S. chemical plant for a few months, signs of metabolic toxicity included fever and profuse 
sweating (Gisclard and Woodward 1946). Workroom air levels, determined after the deaths, were 
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“normally” at least 40 mg/m3, but this value may underestimate breathing zone levels, and significant 
dermal exposure and even oral exposure may have occurred. 
No studies were located regarding metabolic effects in animals after inhalation exposure to 2,4-DNP. 
2.2.1.3 Immunological and Lymphoreticular Effects 
No studies were located regarding immunological or lymphoreticular effects in humans or animals 
after inhalation exposure to 2,4-DNP. 
2.2.1.4 Neurological Effects 
Workmen exposed to 2,4-DNP in the French munitions industry had characteristic signs and symptoms 
of toxicity (Perkins 1919). Details of this study are provided in Section 2.2.1.1; exposure levels, 
durations, and incidences were not characterized. Neurological signs included rapid onset of fatigue 
and agitation in mild and severe cases, and convulsions preceding death in fatal cases. Two workers 
exposed to mists and dust of 2,4-DNP in a U.S. chemical plant for a few months developed signs of 
toxicity (fever, profuse sweating, and fatigue) and, following treatment and rest, returned to the job, 
collapsed, and died (Gisclard and Woodward 1946). Workroom air levels, determined after the deaths 
occurred, were “normally” at least 40 mg/m3, but this value may underestimate breathing zone levels, 
and significant dermal exposure and even oral exposure may have occurred. 
No studies were located regarding the following effects in humans or animals after inhalation exposure 
to 2,4-DNP: 
2.2.1.5 Reproductive Effects 
2.2.1.6 Developmental Effects 
2.2.1.7 Genotoxic Effects 
Genotoxicity studies are discussed in Section 2.4. 
2.2.1.8 Cancer 
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2.2.2 Oral Exposure 
During the 1930s, 2,4-DNP was used extensively as a diet pill (Hardgrove and Stem 1938; Horner 
1942; Parascandola 1974). Both 2,4-DNP and its sodium salt, C6H3(NO2)2(ONa)H2O, were available in 
capsules prescribed by physicians and were even available over the counter. The capsules usually 
contained ≤100 mg of these drugs and were normally taken l-3 times a day with meals, depending on 
the desired total dose. It was estimated that between 1933 and 1935, 100,000 patients were given 
2,4-DNP for weight reduction (Tainter et al. 1935b). The database for human oral exposure consists 
almost entirely of clinical studies and case reports related to this use from 1932 to about 1938. Most 
of the patients who took this drug were women. In 1938, the U.S. Food and Drug Administration 
(FDA) announced that manufacturers of drugs such as DNP that were known to have caused adverse 
effects even when used under medical supervision would be prosecuted by the FDA whenever the 
drugs were found in interstate commerce. The use of 2,4-DNP was essentially discontinued at this 
time (Parascandola 1974). In the early 1980s, a physician in Texas administered 2,4-DNP to patients 
at his diet clinic for weight reduction, but was stopped by state authorities (Kurt et al. 1986). Much of 
the database for animal oral exposure also dates from the 1930s. These human and animal studies 
have limitations common to studies of the time. For example, none of the human clinical studies 
includes a concurrent, matched, placebo-treated control group, and statistical analyses generally were 
not mentioned. Frequently, however, each subject was monitored before and sometimes after 
treatment as a control measure. Dosages were generally reported as mg/day; for this profile, these 
were converted to mg/kg/day using average body weight values suggested by the EPA (EPA 1986b). 
The only oral studies conducted with a DNP isomer other than the 2,4-isomer are two studies 
regarding the ocular effects of 2,6-DNP in chickens, reviewed in Section 2.2.2.2 below. No studies 
were located regarding the health effects in humans or animals after oral exposure to 2,3-, 2,5-, 3,4-, 
or 3,5-DNP. 
2.2.2.1 Death 
Little information is available regarding death in humans after acute oral exposure to 2,4-DNP. A case 
report details the death of an 80-kg man who took ≈46 mg 2,4-DNP/kg as the sodium salt, followed 
by another 46 mg/kg dose 1 week later (Tainter and Wood 1934). The first dose produced a high 
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fever; the second dose resulted in admission to the hospital 6.5 hours later because of hyperpnea and 
chest pain. The rectal temperature was 105 °F, and pulse was rapid (as high as 146 beats 
per minute). Despite the administration of aspirin, the temperature rose to 105.7 °F by 10.5 hours 
following ingestion of the drug. Death occurred 0.5 hours later, with rigor mortis setting in 
10 minutes after death and the temperature rising to ≈115 °F by 20 minutes after death. The clinical 
signs and the autopsy and histological findings were considered by the authors to be similar to those 
seen in heat stroke. A woman who took 7 mg/kg/day 2,4-DNP as the sodium salt for 5 days was 
admitted to the hospital in a comatose condition and subsequently died (Poole and Haining 1934). She 
had complained of headache, backache, weakness, dizziness, shortness of breath, and excessive 
perspiration. Her temperature was at least 101.8 °F, pulse 140 beats per minute, and respiratory rate 
56 per minute. Upon autopsy and histological examination, hyperemic and hemorrhagic lungs, 
degeneration of renal tubules and liver cells, segmentation and fragmentation of cardiac muscles, and 
hemorrhagic spleen, stomach mucosa, spinal cord, pons, and medulla were found. Slight ganglion cell 
degeneration was found in the pons. In another case, a psychiatric patient was given sodium 2,4-DNP 
in an experimental study to determine whether 2,4-DNP would be beneficial in treating depression 
(Masserman and Goldsmith 1934). Over the course of 14 days, she had been given 2.66 mg/kg/day 
2,4-DNP. She died after her pulse increased to 148 beats per minute and respirations to 48 per 
minute, her temperature rose to 102 °F, she became comatose, and blood pressure fell to 36/0. 
Because autopsy was delayed for 4 days, no conclusions regarding histopathological lesions could be 
made. There were no deaths, however, in a number of clinical and experimental studies in which 
obese or normal subjects were given 2,4-DNP or its sodium salt at oral dosages of 1.2-4.3 mg/kg/day 
2,4-DNP for ≤14 days (Castor and Beierwaltes 1956; Cutting et al. 1934; Cutting and Tainter 1933; 
MacBryde and Taussig 1935; Stockton and Cutting 1934; Tainter et al. 1935b). 
In studies of intermediate-duration oral exposure to 2,4-DNP, cases of death from agranulocytosis 
(described in the discussion of Hematological Effects) have been attributed to 2,4-DNP. These cases 
occurred during the usual dosing regimens for weight loss, employing increasing doses in one case 
from 2.9 to 4.3 mg/kg/day of 2,4-DNP for 6 weeks (Dameshek and Gargill 1934); a dose of 
1.03 mg/kg/day 2,4-DNP for 46 days in another case (Goldman and Haber 1936); and in another, from 
0.62 to 3.8 mg/kg/day 2,4-DNP as sodium 2,4-DNP for 41 days (Silver 1934). In all cases, the 
patients were under medical supervision. Several clinical studies regarding the effects of 2,4-DNP or 
its sodium salt in obese and non-obese humans taking the drug for an intermediate duration at doses of 
3.5-5.27 mg/kg/day 2,4-DNP have reported no deaths from this treatment (Cutting et al. 1934; Grant 
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and Schube 1934; Looney and Hoskins 1934; MacBryde and Taussig 1935; Simkins 1937a, 1937b; 
Tainter et al. 1934a, 1935b). A woman who took 3-5 tablets a day of 2,4-DNP for several months, 
discontinued its use for 3 months, and then resumed taking 5 tablets a day for 1 week, became ill only 
after resumption of dosing and subsequently died (Lattimore 1934). The data reported were 
insufficient to determine a dose in this case. It is not known why this woman tolerated the treatment 
for several months without developing any signs of illness, then subsequently became ill and died 
within 1 week after resumption of the same dose. 
Studies regarding death in animals after acute oral exposure to 2,4-DNP had deficiencies in 
experimental protocol (group sizes were small; statistical analysis was not performed) and reporting 
(doses, strain, sex, and numbers of animals were often not reported). LD50 values for animals treated 
once by gavage were 30 mg/kg for white rats (sex and age not reported) (Dow Chemical Co. 1950), 
71 mg/kg for weanling male rats, and 72 mg/kg for weanling male CFl mice (Kaiser 1964); the range 
of doses and the numbers of animals used were not reported. In a fairly reliable study on mature rats 
of each sex (9-40 per dose group) treated once by gavage, a dose-related increase in mortality was 
observed, with no mortality at doses of l0-27 mg/kg, 37% mortality at 30 mg/kg, and 100% mortality 
at 100 mg/kg (Spencer et al. 1948). A “100% survival dose” of 20 mg/kg and a “100% lethal dose” of 
60 mg/kg were reported for white rats (strain, sex, and number not reported) treated once by gavage 
(Dow Chemical Co. 1940). A “100% survival dose” of 20 mg/kg and a “100% lethal dose” of 
30 mg/kg were reported in dogs (l-3 per group, strain and sex not reported) treated once by gavage 
(Tainter and Cutting 1933b). Dogs (l-2 per dose group, strain and sex not specified) had 50% and 
100% mortality following single gavage doses of 25 and 125 mg/kg/day, respectively (Kaiser 1964). 
These studies are limited by the small number of dogs used, by the lack of details, and by the 
omission of control groups. No mortality was observed in pregnant mice treated by gavage with 
38.3 mg/kg/day 2,4-DNP on gestation days 10-12 (Gibson 1973). Adult yellow adipose and albino 
mice (sex not reported) exposed to 0.25% 2,4-DNP (325 mg/kg/day) in the diet all died approximately 
8 hours later (total dose 108 mg/kg) (Bettman 1946). Twenty-five percent mortality was observed in 
young albino mice (initial age 5-6 weeks; sex not reported) exposed to 0.25% 2,4-DNP 
(325 mg/kg/day) in the diet for 1 week (Bettman 1946). Food consumption was not reported in this 
study, and doses were estimated using standard reference values for food intake by mice (EPA 1986b). 
One of six guinea pigs exposed to 40 mg/kg/day of 2,4-DNP in the diet died in 11 days and another 
died in 28 days (Ogino and Yasukura 1957). The guinea pig that died in 11 days and three others 
were on a vitamin C-deficient diet. The guinea pig that died after 28 days and one other were also on 
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a vitamin C-deficient diet, but received injections of 2 mg/day vitamin C. The study was conducted to 
determine the affect of vitamin C, an antioxidant known to prevent cataracts in general, on 2,4-DNP-
induced cataractogenesis, but whether the antioxidant properties of vitamin C had any effect on 
survival could not be determined from this study. 
The cause of death in these acute studies was generally attributed to the pyretic effect of 2,4-DNP, 
produced by an increase in metabolic rate. In one study, the authors indicated that rats treated once by 
gavage either died within l-2 hours or recovered completely (Spencer et al. 1948). In an LD50 test, 
survivors of a single gavage dose had a temporary increase in respiration rate, but gained weight at the 
same rate as controls during the 7-day observation period (Kaiser 1964). In animal studies, death 
generally did not occur after single gavage doses ≤10 mg/kg. 
In a study where bobwhite quail were exposed to 2,4-DNP in the diet, 1 of 6 hens in a group 
consuming 56.1 mg/kg/day died on the eighth and final day of exposure (Dominguez et al. 1993). 
Necropsy revealed a marked scarcity of subcutaneous fat, reduced visceral fat, and possibly some 
shrinkage of leg and breast muscles. No deaths were recorded in a study of 20 young broiler chickens 
exposed to 2,4-DNP fed ad libitum between days 7 and 20 of life (Toyomizu et al. 1992). Dosages 
calculated from feed in take data were 16.5, 36.3, and 77.9 mg/kg/day 2,4-DNP. 
Studies regarding death in animals after oral exposure to 2,4-DNP for intermediate durations were 
limited. Neither doses nor measured feed intake by animals exposed to 2,4-DNP ad libitum in the diet 
were reported accurately, and there also were potentially confounding effects of starvation. Rats are 
known to have a strong taste aversion to 2,4-DNP. Six rats exposed to a dietary concentration of 
0.24% 2,4-DNP ate considerably less of the diet than other groups, failed to grow, and all died within 
94 days (Tainter 1938). Since rats on the 0.24% 2,4-DNP diet consumed about 50% less of the food 
than the control group and groups that received lower concentrations (≤0.12%), they gained weight at 
only l/15 the rate of the other groups. However, because of their greatly reduced body weight, the 
intake of food on a body weight basis was considerably higher than that of the other groups. Thus, 
the rats on the 0.24% diet consumed 0.175 kg diet/kg body weight/day compared with 0.07 kg diet/kg 
body weight/day in the other groups. This higher consumption of food on a body weight basis results 
in an estimated dose of 420 mg/kg body weight/day 2,4-DNP, rather than 168 mg/kg/day had their 
food consumption been 0.07 kg diet/kg body weight/day. In other studies, rats exposed to 0.2% 
2,4-DNP in the diet for 3 days consumed feed at 20% the rate of rats exposed to feed without 
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2,4-DNP (Bakke and Lawrence 1965). Thus, it appears that food consumption is also greatly reduced 
at dietary concentrations of 0.2% 2,4-DNP compared to control feed. Rats exposed to 0.2% 2,4-DNP 
in their feed (ad libitum) lost weight rapidly, with 40% mortality occurring in the first 21 days; the 
remaining rats were sacrificed on day 24 due to moribund condition (Spencer et al. 1948). Food 
consumption was not reported in the study; however, the authors indicated that the rats exposed to 
0.2% dietary 2,4-DNP ate very little. In the absence of feed consumption data, it would be 
inappropriate to use the standard reference value for daily intake in a rat (0.05 kg feed/kg body 
weight/day) (EPA 1986b) to estimate dose from a dietary concentration of 0.2% 2,4-DNP. A more 
appropriate estimate of dose in animals exposed to 0.2-0.24% would be 350-420 mg/kg/day, based on 
the intake of 0.175 kg diet/kg body weight/day as determined in rats exposed to 0.24% 2,4-DNP in the 
feed (Tainter 1938). No mortality was observed after a 6-month exposure to ≤0.10% 2,4-DNP 
(Spencer et al. 1948). For studies in which rats were exposed to ≤0.12% 2,4-DNP, but food 
consumption was not reported, evidence indicates that the standard reference value for normal food 
consumption (EPA 1986b) would be appropriate for calculating dose (Tainter 1938). Thus, the 
estimated dose for rats exposed to 0.10% 2,4-DNP in feed is 50 mg/kg/day (Spencer et al. 1948). 
Rats of unspecified age treated by gavage with 30 mg/kg/day 2,4-DNP, 5 days per week for 4 weeks 
all survived the treatment (Dow Chemical Co. 1940). The same company reported an LD50 of 
30 mg/kg 2,4-DNP in rats for a later report (Dow Chemical Co. 1950); no explanation was given for 
this apparent contradiction. In a reasonably well conducted study, weanling rats were exposed to 
2,4-DNP in the feed for 4 weeks; no mortality was observed at ≤59 mg/kg/day (Kaiser 1964). Sixteen 
rats of unspecified age exposed to 110 mg/kg/day 2,4-DNP in the diet for 26 days consumed a normal 
amount of food; the authors did not report mortality rate, but the presentation of the data implied 
100% survival (Pugsley 1935). No mortality was observed in 3 male dogs fed 10 mg/kg/day in 
capsules for 6 months (Tainter et al. 1934b). In rats exposed to 2,4-DNP in the feed for their lifetime, 
100% mortality was observed at 420 mg/kg/day between days 5 and 94 of treatment, a 50% decrease 
in life span was observed at 60 mg/kg/day, and no decrease in life span was observed in rats exposed 
to ≤40 mg/kg/day (Tainter 1938). 
Starvation probably contributed to mortality among rats exposed to high levels of dietary 2,4-DNP 
because rats exposed to 0.20-0.24% (≈350-420 mg/kg/day) 2,4-DNP failed to eat or grow and died 
quickly (Spencer et al. 1948; Tainter 1938). Rats exposed to 60 mg/kg/day for life had normal food 
consumption, but growth and life span were decreased; the cause of death in these animals was not 
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determined, as no histopathological lesions were found in the lungs, heart, liver, kidney, or testis 
(Tainter 1938). In rat studies involving dietary administration of 2,4-DNP for intermediate and 
chronic durations, death was not generally observed at dose levels ≤40 mg/kg/day. 
Administration of 2,4-DNP by continuous intermittent feeding is less lethal to rats than a single bolus 
dose by gavage. Rats treated once by gavage had 50% mortality at exposure levels as low as 
30 mg/kg, with 100% mortality observed at 60 mg/kg (Dow Chemical Co. 1940, 1950). In dietary 
studies, rats survived a 30-day treatment with 110 mg/kg/day 2,4-DNP, and the life span was not 
decreased in rats exposed to 40 mg/kg/day (Pugsley 1935; Tainter 1938). Under most circumstances, 
dietary studies in animals may be more relevant than single bolus studies to current oral exposure of 
humans to 2,4-DNP. 
The LD50 values and the doses associated with death in each species and duration category are 
recorded in Table 2-1 and plotted in Figure 2-l. 
2.2.2.2 Systemic Effects 
Studies regarding systemic effects in humans and animals after oral exposure to 2,4-DNP are discussed 
below. One study of 2,6-DNP is mentioned in the discussion of Ocular Effects. The highest NOAEL 
values and all LOAEL values from each reliable study for each systemic effect in each species and 
duration category are recorded in Table 2-l and plotted in Figure 2- 1. 
Respiratory Effects. A case report and a clinical study of 2,4-DNP reported increased respiratory 
rates at very high single doses (>l0 mg/kg [exact doses not specified] and 46 mg/kg followed by 
another 46 mg/kg 1 week later) (Cutting et al. 1933; Tainter and Wood 1934). This effect is 
secondary to the elevation of body temperature and basal metabolic rate by 2,4-DNP. Pulmonary 
edema was seen in a man who died after ingesting the sodium salt of 2,4-DNP in two doses of 
46 mg/kg 2,4-DNP 1 week apart (Tainter and Wood 1934). The body temperature was greatly 
elevated, and the authors concluded that the autopsy findings were similar to those seen in heat stroke. 
Other case reports have also reported respiratory effects in patients who died after taking 2,4-DNP for 
acute durations. Dyspnea, a respiratory rate as high as 48 respirations per minute, and course rales 
were found in a woman who subsequently died after taking 2.66 mg/kg/day for 2 weeks (Masserman 
and Goldsmith 1934). In another fatal case, the respiratory rate was 56 respirations per minute when 
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the patient who took 7 mg/kg/day for 5 days was admitted to the hospital (Poole and Haining 1934). 
Autopsy revealed hyperemic and hemorrhagic lungs, congestion of alveolar walls, and edema in 
alveoli. A clinical study in which obese patients took capsules of the sodium salt of 2,4-DNP at 
3.5 mg/kg/day 2,4-DNP for 4-12 days, however, showed no change in vital capacity (Stockton and 
Cutting 1934). Elevated respiratory rates and dyspnea have also been reported in patients who took, 
1.03-3.97 mg/kg/day 2,4-DNP for intermediate durations (Epstein and Rosenblum 1935; Goldman and 
Haber 1936; Imerman and Imerman 1936; Simkins 1937a, 1937b). The patient who took 
1.03 mg/kg/day died, and upon autopsy, vascular congestion was found in the lungs (Goldman and 
Haber 1936). A patient who took 2.3 mg/kg/day 2,4-DNP for 14 days and had severe dermatological 
reactions did not exhibit dyspnea (Anderson et al. 1933). 
No gross or histological evidence of treatment-related pulmonary damage was reported following 
2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day for 6 months (Spencer et al. 1948), 
rats exposed in the diet to 60 mg/kg/day for life (Tainter 1938), dogs (l-2 per group) given 
20 mg/kg/day via capsule 7-12 times in 45-77 days (Tainter and Cutting 1933b), or dogs (3 per dose 
group) exposed via capsules to 5 or 10 mg/kg/day for 6 months (Tainter et al. 1934b). 
Increased respiratory rates (quantitative data not reported) were observed in dogs exposed to 
25 mg/kg/day for 1-14 days, and to 125 mg/kg/day for 1 day (Kaiser 1964). Temporary increases in 
respiration (quantitative data not reported) were observed in survivors of a single-dose lethality test 
(doses not reported) in rats and mice (Kaiser 1964). 
Cardiovascular Effects. Effects on pulse rate, heart rate, and blood pressure are common 
findings in people who took 2,4-DNP for weight reduction. A case report and a clinical study of 
2,4-DNP reported greatly increased pulse rates at high acute doses (>l0 mg/kg [exact doses not 
specified] and 46 mg/day followed by another 46 mg/kg 1 week later) (Cutting et al. 1933; Tainter and 
Wood 1934). This effect is known to be secondary to the elevation of body temperature and basal 
metabolic rate by 2,4-DNP. In a case of a woman who died after taking 7 mg/kg/day 2,4-DNP as the 
sodium salt for 5 days, the heart rate prior to death was very rapid, suggestive of auricular fibrillation 
(Poole and Haining 1934). Autopsy revealed marked segmentation and fragmentation of the cardiac 
muscles. A psychiatric patient was given sodium 2,4-DNP in an experimental study to determine 
whether 2,4-DNP would be beneficial in treating depression (Masserman and Goldsmith 1934). Over 
the course of 14 days, she had been given 2.66 mg/kg/day 2,4-DNP. She died after her pulse 
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increased to 148 beats per minute and respirations to 48 per minute, her temperature rose to 102 °F, 
she became comatose, and blood pressure fell from 144/68 to 36/0. Autopsy revealed slight scarring 
of the tricuspid and mitral valves, hypertrophy of the right ventricle, and small scattered fatty deposits 
in the aorta. However, because autopsy was delayed for 4 days, no conclusions regarding 
histopathological lesions could be made. In another case, a woman took 3-5 tablets/day of 2,4-DNP 
for several months before discontinuing its use for 3 months after which she resumed taking 
5 tablets/day for 1 week (Lattimore 1934). After the resumption of dosing, she became ill and 
subsequently died. Although her pulse was normal upon physical examination, autopsy revealed 
myocarditis, which was considered to be the cause of death. Information was insufficient to calculate 
a dose. In addition, an average increase in venous blood pressure (measured directly in the median 
cubital vein) as high as 37% was seen in normal subjects who ingested the sodium salt of 2,4-DNP at 
3.5 mg/kg/day 2,4-DNP for 4-12 days (Stockton and Cutting 1934). Systolic and diastolic blood 
pressures were not affected; pulse rate increased as much as 12%. The changes in venous pressure 
and pulse rate tended to occur during episodes of peripheral vasodilatation and appeared, therefore, to 
be compensatory mechanisms for the maintenance of normal blood pressure. The episodes of 
peripheral vasodilation may have been a cooling response to the pyretic effects of 2,4-DNP. An 
intermediate-duration clinical study of 6 patients treated for 1-8 weeks with 2,4-DNP at 4.3 mg/kg/day 
showed definite changes in the electrocardiograms of 3 patients (MacBryde and Taussig 1935). The 
changes began to appear at the end of the second week of dosing and became more marked toward the 
end of the 8 weeks, persisting in 2 patients at 2 weeks after cessation of treatment. Elevations in pulse 
rates were common findings in people taking 2,4-DNP for intermediate durations. Pulse rates of 
106-136 beats per minute were reported in patients taking 1.03-3.97 mg/kg/day (Epstein and 
Rosenblum 1935; Goldman and Haber 1936; Imerman and Imerman 1936). The individual taking 
1.03 mg/kg/day was a young girl who subsequently died after being admitted to the hospital; her pulse 
was 136 beats per minute and heart sounds were irregular (Goldman and Haber 1936). In 
13 psychiatric patients given 2,4-DNP to determine whether the drug had a beneficial effect on 
depression, no changes in blood pressure were found, but pulse rates increased from 4 to 22 beats per 
minute above predosing rates (Masserman and Goldsmith 1934). Insufficient information was 
provided to calculate the dose. A woman taking 4.29 mg/kg/day 2,4-DNP for 2 months complained of 
heart palpitations while taking the drug (Rank and Waldeck 1936). In an extensive clinical study of 
159 people, pulse, blood pressure, and electrocardiograms were monitored in 16 of the individuals 
taking about 3 mg/kg/day (Simkins 1937a, 1937b). No abnormal electrocardiographic tracings were 
found, but bradycardia was observed in two cases. Blood pressure was reduced in 10 formerly 
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hypertensive patients, but no blood pressure changes were found in normotensive individuals. The 
reasons for the fall in blood pressure in the hypertensive patients and for the bradycardia are not 
apparent. A pulse rate as high as 126 beats per minutes was recorded in a woman who took an 
indeterminate dose intermittently for a year (Imerman and Imerman 1936). In two clinical studies in 
obese patients given 4 mg/kg/day 2,4-DNP for 88 days (Tainter et al. 1935b) and schizophrenic 
patients given 3 mg/kg/day 2,4-DNP for 7 weeks (Looney and Hoskins 1934), no appreciable changes 
in pulse or blood pressure were found. A case report of a patient who took 2.3 mg 2,4-DNP for 
14 days and developed severe dermatological symptoms reported no changes in blood pressure or heart 
rate during the dosing period (Anderson et al. 1933). 
Increased heart rate (quantitative data not shown) and highly abnormal electrocardiogram tracings were 
observed in dogs fed capsules containing 25 mg/kg/day for 1-14 days or 125 mg/kg for 1 day (Kaiser 
1964). No gross or histological evidence of treatment-related cardiac damage was reported following 
2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day for 6 months (Spencer et al. 1948), 
rats exposed in the diet to 60 mg/kg/day for life (Tainter 1938), dogs (l-2 per group) given 
20 mg/kg/day via capsule 7-12 times in 45-77 days (Tainter and Cutting 1933b), or dogs (3 per dose 
group) exposed via capsules to 5 or 10 mg/kg/day for 6 months (Tainter et al. 1934b). 
Gastrointestinal Effects. Gastrointestinal effects, such as nausea, vomiting, and diarrhea, were 
common findings in people who took 2,4-DNP for weight reduction. Gastrointestinal disturbances and 
vomiting occurred in 5 of 15 patients who ingested 2,4-DNP at 4.3 mg/kg/day for l-8 weeks; the 
duration of treatment for the affected patients was not specified (MacBryde and Taussig 1935). In a 
case report, a woman took 3-5 tablets/day of 2,4-DNP for several months, discontinued its use for 
3 months then resumed taking 5 tablets/day for 1 week (Lattimore 1934). After the resumption of 
dosing, she became ill and subsequently died. Nausea and vomiting occurred on the day she died. 
Information was insufficient to calculate a dose. In another fatal case, a woman who was taking 
7 mg/kg/day 2,4-DNP as the sodium salt for 5 days vomited on the way to the hospital (Poole and 
Haining 1934). Upon autopsy, the stomach mucosa was edematous and hemorrhagic, and the 
glandular epithelium was disintegrated. A woman who took 4.4 mg/kg/day 2,4-DNP for 4 days 
experienced a burning sensation in her throat immediately after the first dose (Dintenfass 1934). Her 
pharyngitis became progressively worse, leading to inflammation of the eustachian tubes and hearing 
impairment. Nausea and diarrhea did not occur in a patient who developed severe dermal reactions 
after taking 2.3 mg/kg/day 2,4-DNP for 14 days (Anderson et al. 1933). 
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Gastrointestinal effects have also been reported in patients taking 2,4-DNP for intermediate durations. 
In the case of the young girl who died after taking 1.03 mg/kg/day for 46 days, vomiting occurred 
after the last dose (Goldman and Haber 1936). Upon autopsy and microscopic examination, no 
pathological changes were found in the stomach, but the small intestine contained numerous focal 
hemorrhagic necroses. Nausea was among the side effects in 23 patients taking an average of 
1.94 mg/kg/day 2,4-DNP as the sodium salt for 51-62 days (Bayer and Gray 1935). In an extensive 
clinical study of 159 people taking about 3 mg/kg/day for 22-89 days, an unspecified number of 
individuals experienced temporary diarrhea, vomiting, and heartburn (Simkins 1937a, 1937b). The 
effects on the gastrointestinal tract and the pharynx appear to be due to a local irritating or necrotizing 
effect of 2,4-DNP. In a group of psychiatric patients given 2,4-DNP for 3-4 months to determine 
whether the drug would have a beneficial effect on depression, none of the patients experienced 
gastrointestinal disturbances (Masserman and Goldsmith 1934). Information was insufficient to 
calculate a dose. 
Adult beagles fed capsules containing 2,4-DNP daily at 12.5 mg/kg/day (1 female for 14 days), 
25 mg/kg/day (2 females for 1 day, 1 male for 14 days), or 125 mg/kg/day (1 female for 1 day) 
displayed emesis; however, no emesis was observed at 5 mg/kg/day (1 male for 14 days) (Kaiser 
1964). No gross or histological evidence of treatment-related gastrointestinal damage was reported 
following 2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day for 6 months (Spencer et 
al. 1948), dogs (l-2 per group) given 20 mg/kg/day via capsule 7-12 times in 45-77 days (Tainter 
and Cutting 1933b), or dogs (3 per dose group) exposed via capsules to 5 or 10 mg/kg/day for 
6 months (Tainter et al. 1934b). 
Persistent diarrhea was reported in female bobwhite quail consuming 33.6 or 56.1 mg/kg/day of 
2,4-DNP over an 8-day period (Dominguez et al. 1993). 
Hematological Effects. There have been eight reported cases of agranulocytosis (a syndrome 
characterized by marked decrease in the number of granulocytes, lesions of the throat and other 
mucous membranes, and fever; also called granulocytopenia, malignant neutropenia, agranulocytic 
angina) in patients ingesting 2,4-DNP or its sodium salt for weight reduction (Horner 1942). These 
effects occurred in acute, intermediate, and chronic durations of treatment. Cases of agranulocytosis 
were reported for women who ingested 5.7 mg/kg/day of 2,4-DNP for 2 weeks (Hoffman et al. 1934), 
an obese woman who took the sodium salt of 2,4-DNP at 3.5 mg/kg/day 2,4-DNP for 20 days 
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(Davidson and Shapiro 1934) an obese woman who took 3.97 mg/kg/day 2,4-DNP for 35 days 
(Imerman and Imerman 1936), and an obese young girl who took 1.03 mg/kg/day 2,4-DNP for 
46 days (Goldman and Haber 1936). In other cases, dose regimens were complicated and were not 
clearly delineated in these reports. For example, an obese woman took 2,4-DNP at 1.9 mg/kg/day, 
increasing to 2.8 mg/kg/day and then to 4.6 mg/kg/day for a total duration of 9 weeks, at which time 
she developed signs of illness (Dameshek and Gargill 1934). Another obese woman took the sodium 
salt of 2,4-DNP at 0.62 mg 2,4-DNP/kg/day, increasing to 2.5 mg/kg/day 2,4-DNP over 5 weeks and 
then to 3.8 mg/kg/day 2,4-DNP for 6 days, at which time signs of illness began to appear (Silver 
1934). A fatal case of agranulocytosis occurred following ingestion of 2,4-DNP at 2.9 mg/kg/day 
increasing to 4.3 mg/kg/day for a total duration of ≈6 weeks (Dameshek and Gargill 1934). All of 
these patients were taking the drug under the care of physicians. The signs of illness developed 
rapidly while the patients were taking 2,4-DNP, at which time the drug was usually discontinued, and 
the patients were admitted to the hospital, where the diagnosis was made. The fatal case had no 
indications of abnormality in a blood smear performed ≈2 weeks before hospitalization. 
Agranulocytosis was also diagnosed in a woman who had been taking 100-200 mg of 2,4-DNP 
intermittently for 1 year before she became ill (Imerman and Imerman 1936). She also had mild 
anemia. It was not clear whether she was taking the drug under a physician’s supervision. 
Slight anemia was found upon hematological analysis of a woman who had taken 1.86 mg/kg/day 
2,4-DNP for 2 weeks (Hitch and Schwartz 1936), and an autopsy of a woman who died after taking 
7 mg/kg/day 2,4-DNP as the sodium salt for 5 days revealed that the splenic pulp was filled with 
blood (Poole and Haining 1934). 
Several case reports and clinical studies reported no hematological effects in people taking 2,4-DNP. 
No hematological effects were found in women who had taken 2.3 mg/kg/day for 1 week (Anderson et 
al. 1933), 2.32 mg/kg/day for 37 days (Beinhauer 1934), or 3.3 mg/kg/day for 182 days (Epstein and 
Rosenblum 1935). In a group of psychiatric patients given 2,4-DNP for 3-4 months to determine 
whether the drug would have a beneficial effect on depression, none of the patients had abnormal 
blood cytology (Masserman and Goldsmith 1934). Information was insufficient to calculate a dose. 
In an extensive clinical study of 159 people taking about 3 mg/kg/day for 22-89 days, no clinical 
cases of agranulocytosis were found, and hematological examination of 11 individuals revealed no 
abnormalities (Simkins 1937a, 1937b). Similarly, in a clinical study of 2,4-DNP for treatment of 
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obesity, hematological examination of 62 people taking 4 mg/kg/day for an average of 88 days 
revealed no abnormalities (Tainter et al. 1935b). 
Rats exposed to 5-50 mg/kg/day 2,4-DNP in the diet for 6 months had no hematological abnormalities 
with respect to erythrocyte count, hemoglobin concentration, total leukocyte count, or differential 
count; in addition, no abnormalities were observed in rats with respect to total cell and nucleated cell 
counts in the bone marrow (Spencer et al. 1948). Food consumption was not reported in this study, 
and doses were estimated using standard reference values for food consumption by rats (EPA 1986b). 
Dogs (3 per dose group) exposed to 5 or 10 mg/kg/day 2,4-DNP via capsules for 6 months had no 
hematological abnormalities with respect to hemoglobin concentration, red blood cell (RBC) count, 
oxygen capacity and fragility of RBCs, total leukocytes, and differential counts; histological 
examination of bone marrow revealed no abnormalities (Tainter et al. 1934b). 
Musculoskeletal Effects. Exercise tests revealed considerable loss of strength and reduced 
endurance in a limited number of obese patients who ingested 4.3 mg/kg/day of 2,4-DNP for 
l-8 weeks (MacBryde and Taussig 1935). Details of testing methods and results were not reported. 
The loss of strength and reduced endurance may be related to uncoupling of oxidative phosphorylation 
by 2,4-DNP, rather than a direct effect of 2,4-DNP on muscle tissue. A woman who subsequently 
died after taking 7 mg/kg/day 2,4-DNP as the sodium salt for 5 days complained of pain in the arms 
and legs on the fifth day (Poole and Haining 1934). Weakness in the legs and arthritic or rheumatoidlike 
pains in the arms and fingers were experienced by 4 women who had been taking 2,4-DNP at 
doses of 0.91 or 1.45 mg/kg/day for 8 days or 3.89 mg/kg/day for 21 days or 3.53 mg/kg/day for 
105 days (Nadler 1935). These pains may be related to the development of peripheral neuritis (see 
Section 2.2.2.4). Another woman with a history of chronic hypertrophic arthritis of the cervical spine 
and knees developed pain in her fingers and all large joints after taking 2.3 mg/kg/day 2,4-DNP as the 
sodium salt for 14 days (Anderson et al. 1933). The pains subsided within 4-5 days, but swelling and 
tenderness persisted in the left wrist and fingers. The authors suggested that 2,4-DNP exacerbated her 
arthritis. 
No gross or histological evidence of treatment-related damage to muscle and/or skeletal tissue was 
reported following 2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day (Spencer et al. 
1948) or dogs exposed via capsules to 5 or 10 mg/kg/day, each for 6 months (Tainter et al. 1934b). 
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Hepatic Effects.  Slight detachment of the liver cells from one another with no apparent change in 
endothelial cells was seen during histopathological examination of tissues from a man who died after 
ingesting the sodium salt of 2,4-DNP at a dose estimated at 46 mg/kg 2,4-DNP, followed by an 
additional 46 mg/kg 1 week later (Tainter and Wood 1934). His temperature reached 105.7 °F before 
death and 115 °F after death. The authors commented that the pathology findings were similar to 
those seen in heat stroke. In other fatal cases, disintegration of hepatocytes in the periphery of the 
lobules and granular cytoplasm and pyknotic nuclei in periportal cells were seen in the liver of a 
woman who took 7 mg/kg/day 2,4-DNP as the sodium salt for 5 days (Poole and Haining 1934), 
necrosis of hepatocytes and hemorrhage were found in the liver of a woman who took an 
indeterminate dose of 2,4-DNP for 1 week (Lattimore 1934), and severe fatty changes were found in 
the liver of a young girl who took 1.03 mg/kg/day of 2,4-DNP for 46 days (Goldman and Haber 
1936). Whether these hepatic effects represented preexisting conditions is not known. Compromised 
liver function, leading to decreased ability to metabolize 2,4-DNP (see Section 2.3.3), may have been a 
contributing factor in these fatal cases. A palpable and tender liver was observed in a patient who 
took 2.32 mg/kg/day 2,4-DNP for 37 days (Beinhauer 1934). No tests of liver function were 
performed on this patient. Impaired liver function as measured by a bromsulphalein test was observed 
in an obese woman who took 3.5 mg/kg/day 2,4-DNP as the sodium salt for 20 days (Davidson and 
Shapiro 1934). Liver function was not tested before 2,4-DNP treatment; therefore, it is unclear 
whether this was a preexisting condition or a consequence of 2,4-DNP treatment. Liver function, as 
assessed by the icteric index (a calorimetric estimation of bilirubin in the serum by comparison with 
the absorbance of a standard solution of potassium dichromate which is no longer used clinically) 
(Lichtman 1953) and Van den Bergh test, was not affected in a woman who took 2.3 mg/kg/day 
2,4-DNP as the sodium salt for 14 days (Anderson et al. 1933). The Van den Bergh test is a test for 
serum bilirubin, in which color changes in diazotized serum indicate defects in bilirubin production, 
hepatic uptake, or conjugation that cause increases in the serum level of free (unconjugated) bilirubin 
(Berkow and Fletcher 1992; Schroeder et al. 1990). The test is not particularly sensitive, but it is a 
well-established one. Currently, a modification of the test is used, in which the diazotized serum is 
compared with a standard solution of diazotized bilirubin (Gennaro et al. 1984). The icteric index was 
normal in a psychiatric patient who subsequently died after being given 2.66 mg/kg/day 2,4-DNP as 
the sodium salt (Masserman and Goldsmith 1934). Upon autopsy, no gross evidence of liver damage 
was found, but microscopic examination was inconclusive due to autolysis because autopsy was 
delayed by 4 days. In clinical studies, the icteric index of 17 patients who ingested 3.5 mg/kg/day 
2,4-DNP as the sodium salt for 2-50 weeks did not provide evidence of liver damage, compared with 
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the icteric index of an unspecified number of “nonmedicated patients” (Tainter et al. 1934a). The 
bilirubin content of blood serum in 45 patients given 3.5 mg/kg/day 2,4-DNP was elevated in only 
2 patients, neither of whom had other clinical evidence of liver disturbance. In a group of psychiatric 
patients given 2,4-DNP for 3-4 months to determine whether the drug would have a beneficial effect 
on depression, a yellow discoloration of the skin and sclerae was observed in 5 patients, but the icteric 
index was normal in each case (Masserman and Goldsmith 1934). Information was insufficient to 
calculate a dose. Since 2,4-DNP itself is yellow, it is possible that the noted discoloration was a direct 
effect of the drug rather than a sign of hepatic damage. In obese patients given 2,4-DNP at 
4.3 mg/kg/day for 1-8 weeks, increased dye (phenoltetraiodophthalein) retention (above pretreatment 
values and above the normal range) was seen in 3 of 5 patients tested at l-2 weeks of treatment and 
in 3 of 3 patients tested at 3-8 weeks of treatment (MacBryde and Taussig 1935). This test measures 
the ability of the liver to remove this dye from the blood after intravenous injection (Cole et al. 1928). 
Blood samples are taken 0.5 and 1 hour after injection, and the concentration of phenoltetraiodophthalein 
in the serum is compared with a standard. In addition, the gall bladder can be X-rayed 
for presence of the dye to determine the excretory function of the liver; this was not done by 
MacBryde and Taussig (1935). Other clinical tests relevant to liver function (icteric index, serum 
bilirubin, galactose tolerance test, urinary urobilinogen) were normal (MacBryde and Taussig 1935). 
The galactose tolerance test is a measure of the ability of the liver to produce glycogen. The 
elimination of  >3 grams of galactose in the urine over a 5-hour period after administration of 40 grams 
of galactose to a fasting individual indicates hepatic dysfunction (Gennaro et al. 1984). In an 
extensive clinical study of 159 people taking about 3 mg/kg/day for 22-89 days, results of icteric 
index determinations, Van den Bergh tests, and bromsulphalein (BSP) retention tests revealed no 
evidence of liver damage in the 14 or 15 patients to whom the tests were given (Simkins 1937a, 
1937b). The BSP test measures the ability of the liver to remove this dye from the blood after 
intravenous injection. It is a sensitive measure of liver disease in the absence of hyperbilirubinemia 
(which interferes with BSP measurement) (Berkow and Fletcher 1992). Retention of BSP in the blood 
is an indication of decreased blood flow, biliary obstruction, or hepatic cell damage. However, the use 
of BSP is currently limited because of toxic side effects. 
No significant difference in levels of serum glutamic-pyruvate transaminase (SGPT, also known as 
alanine aminotransferase [ALAT]) was observed in six mice (strain not specified) treated once by 
gavage with 22.5 mg/kg/day 2,4-DNP (Robert 1986). Two dogs repeatedly fed capsules containing 
2,4-DNP at dose levels ≤20 mg/kg, with “recovery periods” of ≈5 days between doses, followed by a 
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“fatal dose” (dose level not reported) had normal results with respect to liver function tests and gross 
and microscopic histology of the liver (Tainter and Cutting 1933b). A 12% decrease in relative liver 
weight was observed in rats fed 0.2% 2,4-DNP (420 mg/kg/day) in the diet ad libitum for 9 days 
(England et al. 1973). The authors reported that the rats also lost 12% of their initial body weight; 
however, food consumption was not reported in this study. The significance of the observed effect on 
the liver is questionable because the rats were probably starving. Other studies have indicated that rats 
exposed to dietary concentrations ≥0.2% 2,4-DNP had greatly reduced food consumption and growth, 
and quickly died (Spencer et al. 1948; Tainter 1938). No histological abnormalities were observed in 
rats treated by gavage with 1 mg/kg/day, 5 days/week for 4 weeks; higher doses (not reported) 
produced “typical indications of general passive congestion and anoxemia” (Dow Chemical Co. 1940). 
This study was very poorly reported. No gross or histological evidence of treatment-related liver 
damage was reported following 2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day for 
6 months (Spencer et al. 1948), rats exposed in the diet to 60 mg/kg/day for life (Tainter 1938), or 
dogs (3 per dose group) exposed via capsules to 5 or 10 mg/kg/day for 6 months (Tainter et al. 
1934b); in addition, normal results were observed in the dogs with respect to the icteric index of liver 
function (a measure of serum bilirubin) (Tainter et al. 1934b). 
Thus, while some evidence of hepatic effects was found in some patients taking 2,4-DNP, the 
possibility of pre-existing liver pathology could not be determined. The lack of hepatic effects in 
animals suggests that the liver is not a sensitive target organ for the toxicity of 2,4-DNP. 
Renal Effects. Mild nephrotic changes were seen during histopathological examination of tissues 
from a man who died after ingesting the sodium salt of 2,4-DNP in a dose estimated at 46 mg/kg 
2,4-DNP, followed by an additional 46 mg/kg 1 week later (Tainter and Wood 1934). His temperature 
reached 105.7 “F before death and 115 “F after death. The authors commented that the clinical and 
pathology findings were similar to those seen in heat stroke. In other fatal cases, cloudy swelling, 
pyknosis, and necrosis in the renal tubules, edema in interstitial tissue, distention of capillary and 
arterial loops in the glomernlus, and hemorrhage were seen in the kidneys of a woman who took 
7 mg/kg/day 2,4-DNP as the sodium salt for 5 days (Poole and Haining 1934); marked destruction of 
the epithelium lining the renal tubules with hemorrhage into the glomernli was found in the kidneys of 
a woman who took an indeterminate dose of 2,4-DNP for 1 week (Lattimore 1934); and hemorrhagic 
nephritis was found in the kidneys of a young girl who took 1.03 mg/kg/day 2,4-DNP for 46 days 
(Goldman and Haber 1936). The blood nonprotein nitrogen level was normal in a psychiatric patient 
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who subsequently died after being given 2.66 mg/kg/day 2,4-DNP as the sodium salt for 14 days 
(Masserman and Goldsmith 1934). Upon autopsy, no gross evidence of kidney damage was found, but 
microscopic examination was inconclusive due to autolysis because autopsy was delayed by 4 days. 
Similarly, the blood nonprotein nitrogen level was normal in a woman who took 2.3 mg/kg/day 
2,4-DNP as the sodium salt for 14 days (Anderson et al. 1933). Tests of renal function (examination 
of urine for albumin, red and white cells and casts; concentration-diuresis tests with measurement of 
specific gravity; phenolsulfonphthalein excretion; blood nonprotein nitrogen determinations) performed 
repeatedly on 3 patients over a period of 8 weeks while they underwent treatment with 4.3 mg/kg/day 
2,4-DNP showed no changes; the data were not provided (MacBryde and Taussig 1935). The 
phenolsulfonphthalein (also known as phenol red) test measures the ability of the kidney to excrete the 
dye after intravenous or intramuscular injection. A decrease in excretion of the dye from normal (about 
50-70% is normally excreted in 2 hours) is a general indicator of kidney dysfunction (Gennaro et al. 
1984; Hook and Hewitt 1986). Moderate and marked albuminuria was found in 2 women who took 
2.32 mg/kg/day (Beinhauer 1934) or 3.97 mg/kg/day 2,4-DNP (Imerman and Imerman 1936) for 37 or 
35 days, respectively. Kidney function as determined by phenolsulfonphthalein retention was normal 
in the woman who took 2.32 mg/kg/day (Beinhauer 1934). In an extensive clinical study of 
159 patients taking an average of 3 mg/kg/day 2,4-DNP as the sodium salt for 22-89 days, kidney 
function, as assessed by phenolsulfonphthalein retention, was normal in the 15 patients to whom the 
test was given (Simkins 1937a, 1937b). However, 4 of 15 had transient albuminuria and 2 of 15 had 
persistent albuminuria. In a group of psychiatric patients given 2,4-DNP for 34 months to determine 
whether the drug would have a beneficial effect on depression, no changes in urinary constituents were 
found (Masserman and Goldsmith 1934). Information was insufficient to calculate a dose. 
Eight rats treated once by gavage with 20 mg/kg 2,4-DNP displayed very mild tubular necrosis in 5 of 
16 kidneys examined 12 hours after dosing (Arnold et al. 1976). No statistical analysis of the data 
was reported. Two dogs repeatedly fed capsules of 2,4-DNP at dose levels of ≤20 mg/kg, with 
“recovery periods” of about 5 days between doses, followed by a “fatal dose” (dose level not reported) 
had no abnormalities with respect to gross and microscopic histology of the kidney (Tainter and 
Cutting 1933b). A NOAEL of 1 mg/kg/day for kidney histology was reported for rats exposed for 
5 days/week for 4 weeks; higher doses (not reported) produced chronic tubular necrosis characterized 
by degeneration of the tubular epithelium (Dow Chemical Co. 1940). This study was very poorly 
reported. The degeneration varied from slight cloudy swelling of the epithelium to complete necrosis 
with extensive desquamation and sloughing into the tubular lumina. Marked pyknosis and 
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degeneration was observed in the nuclei of the epithelial cells, but the glomeruli were essentially 
normal. Rats exposed to 5-50 mg/kg/day 2,4-DNP in the diet for 6 months had no gross or 
histological evidence of damage to the kidney (Spencer et al. 1948). Blood urea nitrogen (BUN) was 
greatly elevated in 2 of 14 and 2 of 9 rats exposed to 25 and 50 mg/kg/day, respectively, but the mean 
values in each group were similar to those of the controls (Spencer et al. 1948). Dogs (3 per dose 
group) exposed to 5 or 10 mg/kg/day 2,4-DNP via capsules for 6 months had normal levels of blood 
urea and urinary sugar; urinary albumin was increased at 12 weeks at both exposure levels but was 
otherwise normal throughout the experiment (Tainter et al. 1934b). In addition, no gross or 
histological evidence of kidney damage was observed. The authors concluded that the treatment did 
not produce progressive damage to the kidney (Tainter et al. 1934b). Rats exposed to 60 mg/kg/day 
2,4-DNP in the diet for life had gross and histological findings in the kidney comparable to the control 
group (Tainter 1938). 
Endocrine Effects.  Autopsy of a woman who died after taking 1.03 mg 2,4-DNP for 46 days 
revealed extensive vascularization of the spleen and pituitary accompanied by goiter in the thyroid 
(Goldman and Haber 1936). Decreased glucose tolerance was seen in one clinical study in 5 of 
8 patients after l-2 weeks of treatment and in 4 of 4 after 3-4 weeks of treatment with 4.3 mg/kg/day 
2,4-DNP (MacBryde and Taussig 1935). An additional finding in humans given 2,4-DNP for short 
durations was a 21% decrease in serum protein-bound iodine in 11 non-obese subjects who ingested 
3.2 mg/kg/day 2,4-DNP for 2 days (Castor and Beierwaltes 1956). Thyroidal I131 uptake and fecal and 
urinary I131 excretion, tested in two of these subjects, did not appear to be affected. Hence, the 
toxicological significance of this finding is unclear. Four studies were located that addressed 
potentially toxic effects of 2,4-DNP on the hypothalamic-pituitary-thyroid axis in rats (Bakke and 
Lawrence 1965; England et al. 1973; Maayan 1968; Wilkens et al. 1974). In these studies, rats were 
exposed for 7-30 days to dietary 2,4-DNP at a concentration of 0.2%. In one study, the authors 
indicated that a “small amount” of feed was consumed by rats treated with DNP and implied that this 
amount was 20% of normal consumption (Bakke and Lawrence 1965); the other studies did not 
discuss feed consumption (England et al. 1973; Maayan 1968; Wilkens et al. 1974). The thyroid 
studies all report extremely rapid body weight loss (as much as 1% of body weight per day), implying 
that the animals were starving and/or wasting away; however, similarly starved control groups were 
not used. Investigation of subtle end points of toxicity (e.g., pituitary levels of thyroid-stimulating 
hormone, daily fractional turnover rates of thyroxin, serum protein-bound iodine, and pituitary cyclic 
adenosine monophosphate [cAMP] concentrations) are inappropriate in circumstances in which animals 
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are starving and dying. Thus, these four studies were considered inadequate to estimate the end points 
addressed (Bakke and Lawrence 1965; England et al. 1973; Maayan 1968; Wilkens et al. 1974). 
Dermal Effects.  Skin lesions were common findings in people taking 2,4-DNP. Two women who 
took 0.91 or 1.45 mg/kg/day 2,4-DNP for 8 days developed marked pruritic rashes that disappeared 
within 2-5 days after dosing was discontinued (Nadler 1935). However, the rashes reappeared when 
they resumed taking 2,4-DNP at the same dose. A woman who took 4.4 mg/kg/day 2,4-DNP for 
4 days developed a rash on her chest (Dintenfass 1934). Severe skin lesions developed in two women 
who took 1.86 mg/kg/day 2,4-DNP (Hitch and Schwartz 1936) or 2.3 mg/kg/day 2,4-DNP as the 
sodium salt (Anderson et al. 1933) for 14 days. In one case, the lesions were characterized by severe 
exfoliating dermatitis with redness, edema, oozing of serum, scaling, and crusting over 100% of the 
body surface (Hitch and Schwartz 1936). In the other case, severe pruritus, edema, maculopapular 
eruptions covered the entire body, with the exception of the face and scalp (Anderson et al. 1933). No 
dermal effects were seen in 37 obese patients taking 1.2 mg/kg/day 2,4-DNP as the sodium salt of 
2,4-DNP for an average of 14 days (Tainter et al. 1935b). Serious skin reactions (not otherwise 
specified) were observed in 3 of 15 obese patients taking 4.3 mg/kg/day 2,4-DNP for l-8 weeks; the 
duration of 2,4-DNP treatment for the affected patients was not specified (MacBryde and Taussig 
1935). In case reports of people taking 2,4-DNP for longer durations, pruritus developed in a woman 
who took 3.89 mg/kg/day for 21 days (Nadler 1935), urticaria was seen in one or all of 2 women and 
1 man who took 2.99-3.38 mg/kg/day for 41-49 days (Hunt 1934); urticaria developed in 1 patient 
(sex not specified) taking 2.3 mg/kg/day for 110 days (Simkins 1937a, 1937b), and transient pruritic 
spots were observed in a woman who had been taking 100-200 mg of 2,4-DNP intermittently for 
1 year (Imerman and Imerman 1936). A severe case of pruritus involving the entire body was 
described for a woman who took 2.32 mg/kg/day 2,4-DNP for 37 days (Beinhauer 1934). The pruritus 
was characterized by swelling of both eyelids, lips, and neck; giant wheals covering the entire body, 
which were tense to the touch and marked by numerous deep excoriating and intense urticaria; 
distended and swollen hands and feet; and numerous herpetic lesions in the mouth. In an extensive 
clinical study of 159 patients taking an average of 3 mg/kg/day 2,4-DNP as the sodium salt for 
22-89 days, 32 developed skin lesions, including 4 cases of pruritus, 3 of macular rashes, 12 of 
maculopapular rashes, 4 of swelling and redness of hands, and 10 of urticaria (Simkins 1937a, 1937b). 
Skin reactions were observed in 23 of 170 obese patients who ingested an average of 4.0 mg/kg/day 
2,4-DNP from sodium 2,4-DNP for an average of 88 days (Tainter et al. 1935b). The treatment 
regimen involved an initial dose of 1.2 mg/kg/day 2,4-DNP, usually for 1 week, increasing to 
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2.4 mg/kg/day for several weeks, then to 3.5 mg/kg/day with continued small incremental increases 
until symptoms or loss of body weight contraindicated further increases. The dermal effects occurred 
only among the 100 patients who took ≥3.5 mg/kg/day for ≥6 weeks. One-third of the 23 affected 
patients experienced transient itching without a rash; the remaining two-thirds experienced itching and 
visible urticarial or maculopapular skin lesions. In one case, the reaction was severe, with massive 
urticarial wheals covering the body and extensive localized edema. Patients sometimes recovered 
while remaining on treatment, but usually treatment was discontinued, and recovery ensued. In an 
experimental study involving 13 men of average weight given an average dose of 5.27 mg/kg/day 
2,4-DNP for 20 days, no skin lesions were observed (Grant and Schube 1934). 
Ocular Effects.  Cataracts developed in a small percentage of patients who took 2,4-DNP or 
sodium 2,4-DNP as a weight reduction aid for acute, intermediate, and chronic durations; the case 
report literature in regard to this effect is voluminous, with at least 164 cases in the published 
literature (Hitch and Schwartz 1936; Horner 1942; Horner et al. 1935; Rank and Waldeck 1936; Rodin 
1936; Simkins 1937a, 1937b; Whalman 1936). Cataract formation appears to be the primary reason 
2,4-DNP was withdrawn from medical use. Representative case reports that provided doses at which 
cataracts developed are recorded in Table 2-1. These doses ranged from 1.86 to 4.29 mg/kg/day 
2,4-DNP. The cataracts developed rapidly, sometimes while the patient was still ingesting the drug 
and sometimes after cessation of treatment, and were bilateral and irreversible, progressing to total 
blindness. In some cases, marked swelling of the lens occurred and occasionally caused acute 
secondary glaucoma. The cataracts developed in patients who were at an age when senile cataracts do 
not occur. One patient who took 1.86 mg/kg/day 2,4-DNP for 2 weeks developed a generalized skin 
eruption that worsened to the point where she was admitted to the hospital 8 months later (Hitch and 
Schwartz 1936). While her eyes were normal on admission, after 40 days in the hospital, she 
developed blurred vision which was attributed to bilateral cataracts. The incidence of cataracts among 
patients treated with an average of 4.0 mg/kg/day 2,4-DNP from sodium 2,4-DNP for an average of 
88 days was 1 of 170 (Tainter et al. 1935b); among patients treated with an unspecified dosage/ 
duration of 2,4-DNP, the incidence was 1 of 68 (Hill 1936). A report of 19 cases of cataracts 
mentions that among these cases were a mother and her daughter, possibly indicating familial 
susceptibility (Hessing 1937). A genetic role in susceptibility was also suggested by cases of cataract 
development in identical twins who had taken 2,4-DNP (Buschke 1947). 
58 DINITROPHENOLS 
2. HEALTH EFFECTS 
Attempts to find a suitable animal to study cataract development in humans exposed to 2,4-DNP have 
generally been unsuccessful. As discussed below, normal mammalian animals have not developed 
cataracts after oral exposure to 2,4-DNP, although cataracts could be induced in a special strain of 
mouse (yellow adipose), in vitamin C-deficient guinea pigs, in ducks, and in chickens. No evidence of 
cornea1 opacity or cataract formation was observed in rats exposed to 0.2% 2,4-DNP (350 mg/kg/day) 
in the diet (Spencer et al. 1948). Food consumption was not reported; however, the authors indicated 
that the rats ate very little, lost weight rapidly, and were all dead after 24 days of treatment. No 
evidence of cornea1 opacity or cataract formation was observed in rats fed 2,4-DNP for 6 months at 
dietary concentrations ≤0.10% (50 mg/kg/day) (Spencer et al. 1948). Rats exposed to 420 mg/kg/day 
2,4-DNP in the feed did not develop cataracts (Tainter 1938). The authors indicated, however, that 
these rats failed to eat or grow and all died between days 5 and 94 of treatment. Rats exposed for 
their lifetime to dietary levels ≤60 mg/kg/day 2,4-DNP (Tainter 1938) and rabbits exposed to 0.25% 
2,4-DNP in the diet for 8 hours (total dose 41 mg/kg) (Bettman 1946) did not develop cataracts. 
However, as discussed in Section 2.4 (Ocular Effects), cataracts were induced in rabbits injected 
intraperitoneally with 2,4-DNP (Gehring and Buerge 1969a). Immature rabbits (10 days old) were 
more susceptible than 62-day-old rabbits, while no cataracts were induced in 90-day-old rabbits. This 
age-related susceptibility to the cataract formation was attributed to a decreased ability to metabolize 
substances and an increased permeability of the blood-ocular fluid barrier in the very young rabbits. 
No cataracts developed in rats on a vitamin A- or vitamin B2-deficient diet to which 2,4-DNP was 
added at a dose of 50 mg/kg/day for 58-173 days (Tainter and Borley 1938). Likewise, no cataracts 
developed in guinea pigs on a vitamin C-deficient diet to which 2,4-DNP was added at a dose of 
80 mg/kg/day for 21-37 days (Tainter and Borley 1938). However, in a later study, guinea pigs were 
fed a vitamin C-deficient diet, while control animals received a vitamin C-deficient diet plus injection 
of 2 mg of ascorbic acid; both groups were exposed to ≈40 mg/kg/day 2,4-DNP in their diets for 
4-57 consecutive days (Ogino and Yasukura 1957). In the test group, 4, 13, and 17 consecutive days 
of exposure produced cataracts in each of 3 animals. No cataracts were observed in control animals 
receiving the same dose of 2,4-DNP for 28-57 consecutive days. The author concluded that in guinea 
pigs there is a clear relationship between vitamin C deficiency and 2,4-DNP-induced cataracts (Ogino 
and Yasukura 1957). As discussed in Section 2.8.3, antioxidants, such as vitamin C and vitamin E, 
seem to have a protective effect against radiation-induced and senile cataracts. 
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Cataracts developed in 3 of 40 congenitally obese mice (yellow adipose mice) exposed to 0.1% 
2,4-DNP (130 mg/kg/day) in the diet for 6 months (Bettman 1946). Cataracts developed within 
4-8 weeks of treatment and were initially “immature” with fine posterior subcapsular opacities. Later, 
the nucleus developed definite cortical spikes, producing a milky appearance. The cataracts did not 
progress beyond this stage, in spite of continued treatment. No cataracts developed in 40 yellow 
adipose mice exposed to a control diet for 6 months. Adult albino and black mice (sex not reported) 
were exposed to 130 mg/kg/day 2,4-DNP in the diet for ≥11 months; a group of albino mice received 
a control diet (Bettman 1946). The incidences of cataract formation were 1 of 20, 0 of 20, and 0 of 
20 for treated albino and black mice and untreated albino mice, respectively. The author indicated that 
formation of the cataract occurred in the mouse just prior to death after 11 months of exposure to 
2,4-DNP, and was therefore not comparable to the cataracts developing in 4-8 weeks in yellow 
adipose mice. Exposure of adult yellow adipose and adult albino mice to a diet containing 2,4-DNP at 
a concentration that would be equivalent to 325 mg/kg/day did not result in cataracts, but 100% of the 
adult mice died within 8 hours (Bettman 1946). Since these mice were exposed to the diet for only 
8 hours, their estimated total dose was only 108 mg/kg. Exposure of young albino mice to 
325 mg/kg/day 2,4-DNP in the diet for 1 week produced 25% mortality, but no cataracts (Bettman 
1946). 
Cataracts developed within hours to days after chicks were exposed to dietary concentrations of 
0.10-0.25% 2,4-DNP and in ducks exposed to 0.25% 2,4-DNP in feed, both for 31 days (Robbins 
1944). Dose levels and food intake were not reported in this study, and no standard reference values 
of daily intake were available for these species (EPA 1986b); therefore, doses were not calculated. 
The percentage of birds developing cataracts and the persistence of the cataracts in chicks were 
positively correlated with the concentration of 2,4-DNP in the feed; at 0.15%, 57% of the chicks 
developed cataracts within 24 hours, but the cataracts had regressed after 31 days of treatment. In 
chicks and ducks exposed to 0.25% 2,4-DNP in the feed, gross opacities were observed in lenses of 
84-100% of the birds after 1 day of treatment. The author provided a detailed description of 
development and subsequent regression of cataracts in birds exposed to 0.25% 2,4-DNP, based on 
observations in living birds and histological examination of lenses in birds sacrificed throughout the 
study. The author indicated that the progression of cataracts in birds fed 2,4-DNP was “remarkably 
similar” to that reported in humans exposed to 2,4-DNP (Robbins 1944; Horner 1942). In humans, 
however, the cataracts did not regress (Horner 1942). Chicks exposed to 0.5% 2,6-DNP in the diet 
developed slight lens opacity on days 2 and 3 of a 6-day exposure; no cataracts were present in chicks 
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when the exposure was terminated. The author indicated that the effects of dietary 2,6-DNP on 
cataract formation in chicks were much less pronounced than those of 2,4-DNP (Robbins 1944). 
Gavage administration of 2,6-DNP at a dose of 79 mg/kg to chickens produced equivocal evidence of 
cataract formation in 5 days (Buschke 1947). The activity of 2,6-DNP was far less than that of 
2,4-DNP (11 mg/kg in this study). 
Administration of 2,4-DNP by gavage in peanut oil or by intramuscular injection produced cataracts in 
baby chicks and adult chickens (Buschke 1947). This treatment produced cataracts within l-l.5 hours 
“in any number of different strains,” at a threshold dose of 20 mg/kg. In addition, a gavage dose of 
11 mg/kg produced cataracts in 3.5 hours in chicks. No cataracts were produced at 6 mg/kg. Dietary 
concentrations of 2,4-DNP caused cataracts in baby chicks, but not in adult chickens. The authors 
indicated that the threshold concentration of 2,4-DNP in the diet was 0.1% (Buschke 1947). These 
cataracts disappeared after a few days, in spite of continued exposure to 2,4-DNP in the feed; however, 
food consumption was not reported, so the possible role of a decreasing daily dose over time due to 
reduced food consumption in the resolution of the cataracts is unclear. This study is limited by 
incomplete reporting of doses and numbers of chickens used. 
Giant White Pekin ducks (initial age and body weight 16-30 days and 400-800 grams) were treated 
once by gavage with 2,4-DNP (Gehring and Buerge 1969a). The percentages of ducks developing 
cataracts (bilateral opacities in lenses) were 0, 0, 38, 75, 100, and 100% at dose levels of 12, 15, 20, 
25, 28, and 30 mg/kg, respectively. The ED50 (effective dose in 50% of animals) with 0.95% 
confidence limits was 21.5 (17.9-25.8) mg/kg. Cataracts were generally observed for the first time 
between 1 and 3 hours after dosing and usually disappeared completely within 12 hours after the first 
observation. The authors suggested that the rapid development of cataracts indicated that the parent 
compound, not the metabolite, was causing the effect. The validity of this suggestion is supported by 
an experiment in which 2,4-DNP (0.10-10.0 µg) was injected directly into the posterior chamber of the 
eyes of ducks (Gehring and Buerge 1969b). Cataracts developed within 30 minutes of injection 
regardless of dose and within 10 minutes of injection at doses ≥1.0 µg. A study in mice indicated that 
peak blood levels of metabolites of 2,4-DNP (2-amino-4-nitrophenol and 4-amino-2-nitrophenol) were 
reached within the first half-hour after dosing, indicating rapid metabolism (Robert and Hagardorn 
1985) (see Section 2.3.4). However, ducks and mice are not closely related species, and no data were 
located regarding the metabolism of 2,4-DNP in ducks, so it is unknown whether metabolism in ducks 
was complete before the 30-minute time point. Ducks exposed to 0.25% sodium salt of 2,4-dinitro­
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phenol in the diet all developed bilateral cataracts after 1 day of treatment (Spencer et al. 1948). Dose 
levels were not reported in this study, and no standard reference values of daily intake were available 
for these species (EPA 1986b); therefore, doses were not calculated. 
The species that are sensitive and insensitive to the cataractogenesis of 2,4-DNP appear to be the same 
as those sensitive and insensitive to the cataractogenesis of other agents (see Section 2.4 on Ocular 
Effects). 
Body Weight Effects. Weight loss has been reported in humans in studies of acute- and 
intermediate-duration. In an experimental study, in which four volunteers were placed on various diets 
(balanced, high carbohydrate, high fat, or high protein) and given an average dose of 3.53 mg/kg/day 
2,4-DNP for 7-16 days, the average weight loss during 2,4-DNP treatment was ≈2 pounds (0.92 kg) 
(Cutting and Tainter 1933). The type of diet did not appear to influence the degree of weight loss. 
Thirty-seven obese patients who took sodium 2,4-DNP at 1.2 mg/kg/day 2,4-DNP for an average of 
14 days had an average weight loss of 0.43 kg/week (Tainter et al. 1935b). They had not been losing 
weight at the time treatment began and had been given instructions to continue the same food intake as 
before treatment. Obese patients taking 4.3 mg/kg/day 2,4-DNP for 1-8 weeks lost an average of 
0.80-1.14 kg/week on diets of 20 calories/kg body weight (MacBryde and Taussig 1935). This 
finding also applies to both acute and intermediate exposure. Schizophrenic patients with low 
pretreatment basal metabolic rates lost an average of 2.5 kg during 7 weeks of treatment with 
3-4 mg/kg/day 2,4-DNP, even though some were given supplemental feedings to minimize weight loss 
(Looney and Hoskins 1934). The average weight loss for obese patients who took an average of 
4.0 mg/kg/day 2,4-DNP for an average of 88 days was 0.64 kg/week, with an average total loss of 
7.8 kg (Tainter et al. 1935b). These patients had not been losing weight at the time treatment began 
and were instructed to continue the same food intake as before treatment. 
In an experimental study, a group of 20 obese patients was placed on a calorie-restricted diet and 
given 1.94 mg/kg/day 2,4-DNP (Bayer and Gray 1935). Within 51 days, 13 of the patients lost an 
average of 5.4 kg. Another group of 3 obese patients was given 2.35 mg/kg/day but failed to restrict 
their diets. Within 62 days, one of these patients lost 4.1 kg, but the other 2 gained weight. In an 
extensive clinical study, 59 patients were given 3 mg/kg/day 2,4-DNP as the sodium salt for 
37-89 days (Simkins 1937a, 1937b). Twelve of these patients lost no weight, but 47 lost an average 
of 5 kg at an average rate of 0.95 kg/week. In a compilation of case reports, 19 of 27 patients taking 
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an average of 3.6 mg/kg/day 2,4-DNP lost an average of 17 kg over periods of 1-18 months 
(Whalman 1936). The average weight loss in 13 psychiatric patients given an indeterminate dose of 
sodium 2,4-DNP for 3-4 months was 0.42 kg/week (Masserman and Goldsmith 1934). A number of 
individual case reports have also described substantial weight losses in patients taking 2,4-DNP. 
Doses ranged from 1.03 to 3.99 mg/kg/day, and durations ranged from 21 days to 18 months 
(Beinhauer 1934; Epstein and Rosenblum 1935; Goldman and Haber 1936; Horner et al. 1935; Nadler 
1935). 
Decreases in body weight of 12-36% were observed in rats fed 0.2% 2,4-DNP (350 mg/kg/day) in the 
diet ad libitum for 9-14 days (England et al. 1973; Maayan 1968; Wilkins et al. 1974). An 18% 
decrease in body weight gain was observed in rats exposed to 350 mg/kg/day 2,4-DNP for 30 days 
(Bakke and Lawrence 1965). Food consumption was not reported in these studies; however, the 
observed body weight loss was probably related to starvation, in addition to inability to use body fuel 
reserve efficiently. Weanling rats fed 0.24% 2,4-DNP (≈420 mg/kg/day) in the diet ate very little, 
gained weight at 1/15 the rate of controls, and died within 5-94 days (Tainter 1938). Rapid weight 
loss and death were observed in weanling rats exposed to 0.2% 2,4-DNP (350 mg/kg/day) in the diet 
(Spencer et al. 1948). Food consumption and body weight gain in rats exposed to 59 mg/kg/day 
2,4-DNP in the diet for 4 weeks were similar to those of controls (Kaiser 1964). After 24-26 days of 
treatment with 110 mg/kg/day 2,4-DNP in the diet, rats’ body weights were 70% of their initial body 
weights; the author indicated that food consumption was normal (Pugsley 1936). Decreased body 
weight gains of 9% and 17% were observed in rats exposed for 6 months to 25 and 50 mg/kg/day, 
respectively (Spencer et al. 1948); food consumption was not reported in this study, and doses were 
estimated using standard reference values for food intake by rats (EPA 1986b). No change in body 
weight was observed in 3 male dogs fed 10 mg/kg/day in capsules for 6 months (Tainter et al. 1934b). 
Rats exposed in the diet to 30, 40, and 60 mg/kg/day 2,4-DNP for their lifetime had final body 
weights 25% less than those of controls, while food consumption was similar to that of controls; no 
effect on body weights or food consumption were observed at doses ≤20 mg/kg/day (Tainter 1938). 
Rats fed high doses of 2,4-DNP displayed a strong taste aversion, refused to eat, and quickly died 
(Spencer et al. 1948; Tainter 1938). In longer-term studies, significant decreases in body weight 
parameters without concurrent decreases in food consumption were observed in rats fed dietary 
2,4-DNP at doses (30-110 mg/kg/day) similar in magnitude to those producing increased mortality in a 
lifetime study (60 mg/kg/day) (Pugsley 1936; Spencer et al. 1948; Tainter 1938). In the animal 
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studies, body weight parameters generally were not affected by long-term exposure to dietary doses 
≤20 mg/kg/day. In studies where food consumption was not decreased by dietary 2,4-DNP, body 
weight loss probably resulted from an increase in basal metabolic rate, as a result of uncoupling of 
oxidative phosphorylation by 2,4-DNP. 
Two dogs repeatedly fed capsules containing 5, 10, 15, 17.5, or 20 mg/kg/day 2,4-DNP, with 
“recovery periods” of ≈5 days between doses, did not have changes in body weight (Tainter and 
Cutting 1933b). 
In a study involving female chickens fed 2,4-DNP-containing feed from age 7 to 20 days, body weight 
gain (which increased from 127 grams to 560 grams in control animals) was not significantly affected 
at doses of 16.5 and 36.3 mg/kg/day (Toyomizu et al. 1992). At 77.9 mg/kg/day 2,4-DNP, body 
weight gain was decreased approximately 12%. Feed consumption was slightly increased at 
16.5 mg/kg/day, but was not significantly affected at doses of 36.3 and 77.9 mg/kg/day. Feed 
efficiency (grams of body weight gained divided by grams of feed consumed) was unaffected at 16.5 
and 36.3 mg/kg/day, but fell from 65% in control chicks to 59% in chicks consuming 77.9 mg/kg/day. 
Total body fat as a percentage of body weight was unaffected at 16.5 mg/kg/day, but fell from 12.7% 
in control chicks to 10.2% in chicks treated at 36.3 mg/kg/day and 9.4% at 77.9 mg/kg/day. Total 
protein as a percentage of body weight was unaffected by 2,4-DNP treatment. The body weight of 
female bobwhite quail aged 22-26 weeks fed 2,4-DNP-containing feed for 8 days (Dominguez et al. 
1993) was unaffected at a dose of 33.6 mg/kg/day, but fell approximately 13% in quail that consumed 
56.1 mg/kg/day. These authors also reported no effect of 2,4-DNP on feed consumption except for a 
reduction on the first two days at the 56.1 mg/kg/day dose. Necropsy of birds that consumed 
56.1 mg/kg/day revealed a marked scarcity of subcutaneous fat, reduced visceral fat, and possibly 
some shrinkage of leg and breast muscles. Control birds and birds consuming 33.6 mg/kg/day 
appeared normal in all respects. 
Metabolic Effects. The characteristic effects of 2,4-DNP are elevation of the basal metabolic rate 
(often measured indirectly as oxygen consumption), elevation of body temperature and increased 
perspiration (humans). The body compensates for these effects by increasing the respiratory rate to 
deliver more oxygen to the tissues. As body temperature rises, peripheral vasodilation occurs as a 
cooling mechanism and the pulse rate rises to maintain the circulation. 
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In the studies described in this section, metabolic rate was measured indirectly by oxygen 
consumption. True metabolic rates (heat generated per unit time) are measured by calorimetry which 
is very expensive and technically difficult. Oxygen consumption was found to correlate reasonably 
well with true metabolic rates when expressed as liters oxygen consumed per unit time per square 
meter of body surface area. Surface area was estimated by an empirical formula that took into account 
the subject’s height and weight. Data was obtained as liters O2 consumed/hour/m3. This value was 
compared to a standard table that gave average basal metabolic rates for sex and age groups from 
hundreds of determinations. Female metabolic rates were slightly lower than males, and metabolic rate 
declined with age. Basal metabolic rate was expressed as a percentage of the average value from the 
table; values of -10% to +10% were considered normal because of natural variability. 
The threshold dose for elevation of basal metabolic rate has not been established for acute exposure of 
humans. In studies of 2,4-DNP with 1 obese patient per dose regimen, exposure to 1 mg/kg/day for 
≈6 days resulted in an increase in basal metabolic rate of 12% (but this conclusion of the author is not 
readily verified by analysis of the figure displaying the data), single or repeated doses of 2 mg/kg/day 
resulted in increases of 25% to 27%, and repeated doses of 3 mg/kg/day in an obese patient with 
severe hypothyroidism (myxedema) resulted in increases of 35 to 42% (Dunlop 1934). The basal 
metabolic rate increased by 38% in a psychiatric patient who subsequently died after being given 
2.66 mg/kg/day 2,4-DNP as the sodium salt for 14 days (Masserman and Goldsmith 1934). In an 
experimental study, in which 4 volunteers were placed on various diets (balanced, high carbohydrate, 
high fat, or high protein) and given an average dose of 3.53 mg/kg/day 2,4-DNP for 7-16 days, 
increases in basal metabolic rates of  27 to 55% were found regardless of diet type (Cutting and Tainter 
1933). Clinical studies with larger numbers of patients have reported increases in basal metabolic 
rates of 26% in non-obese subjects who received 3.2 mg/kg/day 2,4-DNP for 2 days (Castor and 
Beierwaltes 1956); 38% in normal or obese subjects with normal pretreatment basal metabolic rates 
given 3.5 mg/kg/day 2,4-DNP from sodium 2,4-DNP for l-2 weeks (Cutting et al. 1934); 23% in 
subjects (most of whom had low (≤15%) pretreatment basal metabolic rates and obesity/ 
hypothyroidism) given 3.5 mg/kg/day 2,4-DNP from sodium 2,4-DNP for 3-13 weeks (Cutting et al. 
1934); 50% in schizophrenic patients with low pretreatment basal metabolic rates given 3-4 mg/kg/day 
2,4-DNP for 7 weeks (Looney and Hoskins 1934); and 32.9% in 13 psychiatric patients given 
increasing doses for 3-4 months (Masserman and Goldsmith 1934). An increase in basal metabolic 
rates of 30-70% was seen within the first 24 hours in obese patients who ingested 4.3 mg/kg/day 
2,4-DNP for l-8 weeks and was maintained throughout the treatment period; pretreatment values were 
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not reported (MacBryde and Taussig 1935). An 82% increase in basal metabolic rate was measured in 
a patient who received 3.3 mg/kg/day 2,4-DNP over a period of 182 days (Epstein and Rosenbloom 
1935). In one clinical study in which patients were treated with the sodium salt of 2,4-DNP at an 
average dose of 4.0 mg/kg/day 2,4-DNP for an average of 88 days, the estimated increase in basal 
metabolic rate corresponding to this average dose was 38% (Tainter et al. 1935b). Average increases 
in basal metabolic rate as a function of dose (with number of determinations in parentheses) were 
0.2% (37) before treatment, 13% (1) at 1.2 mg/kg/day 2,4-DNP, 20% (10) at 2.3 mg/kg/day 2,4-DNP, 
31% (16) at 3.5 mg/kg/day 2,4-DNP, 50% (16) at 4.7 mg/kg/day 2,4-DNP, and 56% (8) at 
5.9 mg/kg/day 2,4-DNP. These values represent an average increase of ≈11% for each 100 mg 
(1.17 mg/kg) increase in dose (Tainter et al. 1935b). The number of patients tested per dose level and 
duration at each dose level was not specified. Whether the value at 1.2 mg/kg/day actually represents 
an increase is uncertain, because it represents only one determination in one patient, whose 
pretreatment basal metabolic rate was not reported. The data exhibit a dose-severity relationship. 
Another clinical study also reported an average increase in basal metabolic rate of ≈11% per each 
100 mg/day increase in dose in 66 patients given an average dose of 3 mg/kg/day for 22-89 days 
(Simkins 1937a, 1937b). Although not clearly established, increases in basal metabolic rate of 10% or 
less do not appear to be toxicologically significant and are not considered adverse. However, increases 
of 10% to 29% result in increased body temperature that may be adverse, and increases of 30% or 
more may result in severe pyrexia, and hence represent a serious adverse effect. The LOAEL for this 
effect would appear to be l-l.2 mg/kg/day for both acute and intermediate exposure. 
Symptoms and signs related to the increased metabolic rate, such as a sensation of warmth, increased 
perspiration, and increased body temperature, have been noted in the above studies even at the lowest 
dosages, 1.0 mg/kg/day and 1.2 mg/kg/day 2,4-DNP; these symptoms and signs became much more 
severe at higher dosages. Actual increases in body temperature were not seen at repeated doses of 
3 mg/kg/day (Dunlop 1934) or single doses between 5 and 10 mg/kg, but increases of ≥3 °C were 
seen with single doses >10 mg/kg (exact doses not specified) (Cutting et al. 1933) and after two doses 
of 46 mg/kg/dose taken 1 week apart (Tainter and Wood 1934). In this fatal case, body temperature 
rose to 105.7 °F (40.9 °C) and was measured at 115 °F (46.1 °C) shortly after death. The pyretic 
effects of 2,4-DNP have been well documented in case reports and studies of people taking the drug 
for acute, intermediate, and chronic durations. In fatal cases, a body temperature of 102 °F (38.9 °C) 
was recorded just before death in a psychiatric patient who was given 2.66 mg/kg/day 2,4-DNP as the 
sodium salt for 14 days (Masserman and Goldsmith 1934); a temperature of 101.8 °F (38.8 °C) and 
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profuse perspiration were found in a woman who died after taking 7 mg/kg/day 2,4-DNP as the 
sodium salt for 5 days (Poole and Haining 1934); and profuse perspiration was noted on the day of 
death of a woman who took an indeterminate dose for 1 week (Lattimore 1934). A woman who took 
4.4 mg/kg/day 2,4-DNP for 4 days experienced profuse perspiration within a few hours after the first 
dose (Dintenfass 1934). A group of 13 obese patients given 3.5 mg/kg/day for 4-12 days experienced 
sensations of warmth and excessive perspiration (Stockton and Cutting 1934). In an experimental 
study, in which 4 volunteers were placed on various diets (balanced, high carbohydrate, high fat, or 
high protein) and given an average dose of 3.53 mg/kg/day 2,4-DNP for 7-16 days, all subjects 
experienced a feeling of warmth and excessive perspiration regardless of diet type (Cutting and Tainter 
1933). 
In a fatal case, a young girl who had’ taken 1.03 mg/kg/day 2,4-DNP for 46 days had a body 
temperature of 105.6 °F (40.9 °C) before admission to a hospital (Goldman and Haber 1936). Side 
effects experienced by 23 obese patients taking 1.94 or 2.35 mg/kg/day 2,4-DNP as the sodium salt for 
51-62 days included perspiration and elevated temperature (not specified) (Bayer and Gray 1935). 
High body temperature (102.8 °F or 39.3 °C) and/or excessive perspiration were also found in patients 
taking 2.99-4.29 mg/kg/day for 35-60 days (Hunt 1934; Imerman and Imerman 1936; Rank and 
Waldeck 1936). A woman complained of profuse perspiration and had a body temperature as high as 
103 °F (39.4 °C) after taking an indeterminate dose of 2,4-DNP intermittently for 1 year (Imerman and 
Imerman 1936). 
Two dogs repeatedly fed capsules containing 5, 10, 15, 17.5, or 20 mg/kg/day 2,4-DNP, with 
“recovery periods” of ≈5 days between doses, had dose-related increases in body temperature, with 
increases of  >l and 2 °C observed at dose levels of 15 and 20 mg/kg/day, respectively (Tainter and 
Cutting 1933b). The authors indicated that repeated dosing did not seem to affect the observed 
changes in temperature, implying that the dogs recovered completely between dosings. Dogs fed 
single doses of 20 and 30 mg/kg 2,4-DNP via capsules had average maximal increases in body 
temperature of 0.9 and 1.5 °C (Tainter and Cutting 1933a). Increased body temperature (quantitative 
data not reported) was observed in dogs fed capsules containing 25 mg/kg/day 2,4-DNP for 1 or 
14 days (Kaiser 1964) and in rats consuming 350 mg/kg/day (Bakke and Lawrence 1965). 
Hyperthermia (quantitative data not reported) was observed in pregnant mice treated by gavage with 
38.3 mg/kg/day 2,4-DNP on gestation days l0-12 (Gibson 1973). 
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Acute exposure to 10 mg/kg/day 2,4-DNP caused slight elevations in body temperatures of dogs; 
higher elevations in body temperature were associated with exposure levels of 15 mg/kg/day 
(0.9-1.2 °C) and 20 mg/kg/day (0.7-2.5 °C) (Tainter and Cutting 1933a, 1933b). The pyretic effect of 
2,4-DNP is related to the heat produced following uncoupling of oxidative phosphorylation. 
A 30-85% increase in oxygen consumption was observed in mice exposed to 110 mg/kg/day in the 
diet for 26 days (Pugsley 1936). Fecal excretion of calcium and urinary excretion of creatine and 
creatinine were increased to 200%, 45%, and 400%, respectively, of preexposure levels. The 
toxicological significance of these changes in excretion was not clear, but high calcium excretion 
would be expected to result in neuromuscular toxicity and high excretion of creatine and creatinine are 
often a result of muscle toxicity. 
In a recent study which focused on the effect of 2,4-DNP on metabolic rate (Dominguez et al. 1993), 
bobwhite quail hens were exposed to doses of 2,4-DNP of 33.6 and 56.1 mg/kg/day (as calculated 
from feed consumption) over an &day period. The birds were housed in respirometers designed to 
continuously monitor exchange of oxygen and carbon dioxide from which metabolic rates were 
estimated. Birds receiving 33.6 mg/kg/day had dark period (nighttime) metabolic rates 31-41% higher 
than corresponding control values and light period (daytime) metabolic rates 23-32% higher than 
controls. Birds receiving 56.1 mg/kg/day had dark period metabolic rates 48-77% higher than controls 
and light period metabolic rates 41-67% higher than controls. It was calculated that at the 
33.6 mg/kg/day dose, the birds expended 32% more energy over 8 days than controls, and at the 
56.1 mg/kg/day dose, the birds expended 60% more energy than control birds. When the birds in this 
study were returned to normal feed, their metabolic rates returned to normal. 
Other Systemic Effects.  Two case reports described secondary effects on the ear and hearing. In 
one report, a woman who developed severe dermal lesions over 100% of the body surface about 
10 months after taking 1.86 mg/kg/day 2,4-DNP for 2 weeks also developed hearing difficulty (Hitch 
and Schwartz 1936). The hearing impairment was attributed to a reactive exudation in the middle ear 
rather than to nerve impairment. In the second report, a woman who experienced pharyngitis after 
taking one dose of 4.4 mg/kg/day 2,4-DNP complained of pain and fullness in the ears, which became 
more severe and led to hearing impairment after the fourth dose (Dintenfass 1934). This condition 
persisted for another 2 months, at which time an examination revealed bulged, reddened drumheads, 
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with obliterated landmarks and a 30% decrement in hearing. The condition was secondary to 
congestion and inflammation of the pharynx and persisted for an additional 7 months. 
2.2.2.3 Immunological and Lymphoreticular Effects 
Eight cases of agranulocytosis were reported in people who took 2,4-DNP as a diet pill. These reports 
are discussed in the Hematological Effects section of Section 2.2.2.2. 
Whether the dermal effects (urticarial and macropapular rashes discussed in Section 2.2.2.2) of 
2,4-DNP are related to sensitization is unclear. As described in Section 2.2.2.2, Dermal Effects, a 
woman who had been taking 2.32 mg/kg/day 2,4-DNP for 37 days developed severe skin reactions 
over her entire body (Beinhauer 1934). When she was given contact skin tests with 2,4-DNP, a mildly 
positive reaction occurred with a 1:2 dilution, and a negative reaction was obtained with 1:10 dilution. 
The authors, however, did not comment on whether they considered her condition to be due to 
sensitization. Twelve subjects whose patch, scratch, and intradermal tests for sensitivity to the sodium 
salt of 2,4-DNP were negative were given “therapeutic doses” (not further specified) of sodium 
2,4-DNP by mouth for an unspecified duration (Matzger 1934). A definite urticarial reaction 
developed in three of the subjects, at which time they discontinued using the drug. Following 
disappearance of the dermal lesions, the subjects resumed taking the drug in the same or even larger 
(unspecified) doses, without any recurrence of the dermal effects. Other studies have noted that some 
patients who experienced dermal effects were able to resume treatment with no further difficulties or 
even experienced a disappearance of the rash while still on treatment (Bortz 1934; Tainter et al. 
1935b). This evidence argues against sensitization. 
No gross or histological evidence of treatment-related damage to the spleen was reported following 
2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day for 6 months (Spencer et al. 1948) or 
of dogs (3 per dose group) exposed via capsules to 5 or 10 mg/kg/day for 6 months (Tainter et al. 
1934b). In addition, no gross or histological evidence of effects was seen in the bone marrow or 
lymph nodes of the dogs. 
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2.2.2.4 Neurological Effects 
2,4-DNP appears to affect both the central and peripheral nervous systems. A woman who took 
4.4 mg/kg/day 2,4-DNP complained of headache and weakness within a few hours after taking the first 
dose (Dintenfass 1934). These symptoms became more severe and, after the fourth dose, she 
experienced extreme fatigue and extreme dizziness. In a fatal case, a woman who took 7 mg/kg/day 
2,4-DNP as the sodium salt for 5 days complained of headache, weakness, and dizziness (Poole and 
Haining 1934). She became comatose on the way to the hospital and subsequently died. Autopsy 
revealed hyperemia of the spinal cord, pons, and medulla, slight degeneration of ganglion cells in the 
pons, and capillaries distended with blood. A psychiatric patient given 2.66 mg/kg/day 2,4-DNP as 
the sodium salt for 14 days became confused, torpid, stuporous and comatose, and subsequently died 
(Masserman and Goldsmith 1934). Because autopsy was delayed for 4 days, the histological 
examination was inconclusive due to autolysis. A young girl who died after taking 1.03 mg/kg/day 
2,4-DNP for 46 days initially complained of weakness and malaise, became delirious and occasionally 
euphoric, and showed diminished knee-jerk reflex (Goldman and Haber 1936). She was admitted to 
the hospital 2 days later, where she became unconscious and died. Autopsy revealed no pathological 
changes in the cortex, medulla, cerebellum, pons, or proximal portion of the spinal cord. A patient 
taking 3.97 mg/kg/day 2,4-DNP for 35 days complained of headache and extreme malaise, and a 
patient taking an undetermined dose of 2,4-DNP intermittently for 1 year was semiconscious and 
occasionally irrational (Imerman and Imerman 1936). 
In an experimental study to determine if 2,4-DNP would be beneficial in the treatment of depression, 
various responses were observed among 18 psychiatric patients with listlessness, indifference, mild 
depression, or lethargy (Masserman and Goldsmith 1934). No psychological change was found for 
8 patients, lethargy and depression increased in severity in 4 patients, while alertness increased and 
depression decreased in 6 patients. Discontinuation of the drug resulted in marked retrogression in 
three of the 6 patients that benefitted from the treatment. 
No symptoms of peripheral neuritis were reported by 37 patients who took the sodium salt of 2,4-DNP 
at an estimated dose of 1.2 mg/kg/day 2,4-DNP for an average of 14 days (Tainter et al. 1935b). 
However, symptoms of peripheral neuritis occurred in 18 of 170 obese patients who ingested an 
average of 4 mg/kg/day 2,4-DNP from sodium 2,4-DNP for an average of 88 days (Tainter et al. 
1935b). The treatment regimen involved an initial dose of 1.2 mg/kg/day 2,4-DNP with small 
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increases over time, as noted in the discussion of Dermal Effects in Section 2.2.2.2. The neurological 
effects occurred only among the 100 patients who took ≥3.5 mg/kg/day for ≥6 weeks and were 
characterized by abnormal sensations of numbness, “pins and needles,” heat and cold, and heightened 
sensation of pain in the extremities, or loss of taste and numbness and tingling of the tongue. In a 
clinical study of 15 obese women given 4.3 mg/kg/day 2,4-DNP for l-8 weeks, 1 woman experienced 
a virtual loss of taste that persisted for several weeks after discontinuation of dosing (MacBryde and 
Taussig 1935). In an extensive clinical study of 159 patients taking 3 mg/kg/day 2,4-DNP as the 
sodium salt for 22-89 days, 4 frank cases of peripheral neuritis occurred after dosing for 4-10 weeks, 
persisted for weeks, and gradually abated when dosing was discontinued (Simkins 1937a, 1937b). 
Five patients lost the sense of taste and developed numbness and tingling of the tongue, usually within 
the fifth to seventh week of dosing. These symptoms generally persisted for 2 days to several weeks 
but disappeared spontaneously during the continuation of dosing. Several individual case reports 
described symptoms consistent with peripheral neuritis in patients taking 2,4-DNP for weight 
reduction. In these reports, doses ranged from 1.86 to 3.53 mg/kg/day, and durations ranged from 
10 days to several months (Anderson et al. 1933; Bortz 1934; Epstein and Rosenblum 1935; Hitch and 
Schwartz 1936; Hunt 1934; Nadler 1935). Pathological examination of the brain and spinal cords of 
dogs who received 20 mg doses of 2,4-DNP/kg periodically over 45-77 days (7-12 times) showed “no 
damage” (Tainter and Cutting 1933b). 
In a developmental toxicity study, mouse dams treated by gavage with 38.3 mg/kg/day 2,4-DNP on 
gestational days 10-12 displayed hyperexcitability (Gibson 1973). The lower dose (25.5 mg/kg/day) 
apparently did not produce maternal toxicity. Dogs (3 per dose group) exposed via capsules to 5 or 
10 mg/kg/day 2,4-DNP for 6 months had no gross or histological evidence of brain damage or spinal 
cord lesions (Tainter et al. 1934b). The highest NOAEL value and all LOAEL values from each 
reliable study for neurological effects in each species and duration category are recorded in Table 2-l 
and plotted in Figure 2-1. 
2.2.2.5 Reproductive Effects 
Three case reports and a clinical study described reproductive effects in women taking 2,4-DNP for 
weight reduction. A young girl who subsequently died after taking 1.03 mg/kg/day 2,4-DNP was 
found to have a small and infantile uterus and numerous follicular cysts in the ovary (Goldman and 
Haber 1936). Physical examination of a woman who took 2.32 mg/kg/day 2,4-DNP revealed fibroid 
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degeneration of the uterus and a cystic left ovary (Beinhauer 1934). Whether or not these were 
preexisting conditions is not known. A patient who had been taking 3.3 mg/kg/day 2,4-DNP as the 
sodium salt for 98 days was found to be pregnant (Epstein and Rosenblum 1935). After taking the 
drug for an additional 45 days, she was hospitalized for profuse vaginal bleeding, and no evidence of a 
fetus was found. The authors concluded the 2,4-DNP caused a premature separation of the placenta, 
resulting in miscarriage. In an extensive clinical study of 159 patients taking 3 mg/kg/day 2,4-DNP as 
the sodium salt for 22-89 days, altered menstrual cycles or amenorrhea developed in 15 of an 
unspecified number of women (Simkins 1937a, 1937b). In addition, 18 of an unspecified number of 
women experienced excessive menstrual edema. The author noted that most menstrual disorders 
common in obese women can be corrected by proper diet, but because the menstrual changes in many 
of the women in the study were so marked and occurred so soon after 2,4-DNP dosing (i.e., before 
any significant weight loss), he concluded that the altered menstrual cycles were due to a direct action 
of 2,4-DNP. 
No gross or histological evidence of treatment-related testicular damage was reported following 
2,4-DNP treatment of rats exposed in the diet to 5-50 mg/kg/day for 6 months (Spencer et al. 1948) 
rats exposed in the diet to 60 mg/kg/day for life (Tainter 1938), or dogs (3 per dose group) exposed 
via capsules to 5 or 10 mg/kg/day for 6 months (Tainter et al. 1934b). However, rats exposed at 
350 mg/kg/day did show signs of testicular atrophy (Spencer et al. 1948) but this may have been the 
result of starvation. 
The NOAEL values and all LOAEL values in each reliable study for reproductive effects in each 
species for intermediate duration are recorded in Table 2-l and plotted in Figure 2-1. 
2.2.2.6 Developmental Effects 
No studies were located regarding developmental effects in humans after oral exposure to 2,4-DNP. 
Swiss-Webster mice were treated by gavage with 0, 25.5, or 38.3 mg/kg/day 2,4-DNP on 
gestation days 10-12, then sacrificed on gestation day 19 for evaluation of developmental toxicity 
(Gibson 1973). The study measured important developmental toxicity end points, including 
teratogenicity. The authors indicated that the high dose produced overt toxicity (hyperexcitability and 
hyperthermia) in dams (data not presented), but no deaths. The percentage resorption increased, but 
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the effect was not significant or dose-related; no other abnormalities were observed. Thus, treatment 
of mice at a dose level producing maternal toxicity did not result in adverse developmental effects 
(Gibson 1973). This study is limited because dosing only occurred during the first part of 
organogenesis. In another study, CD-l mice were treated by gavage with 125 mg/kg/day 2,4-DNP on 
gestation days 8-12 and were sacrificed following birth of the offspring to determine percent 
resorptions (Kavlock et al. 1987). Maternal body weight change was not significantly (p>0.05) 
different from controls. Two dams each died in the control (40 mice) and treatment groups (30 mice). 
The percent of live litters and resorptions and the numbers and weights of live offspring on postnatal 
days 1 and 3 were not significantly different (p>0.05) from controls. Teratogenicity was not 
evaluated. This study was designed as a screening test, so that numerous compounds could be 
evaluated for developmental toxicity at low cost. Thus, there were limitations in the study, including 
exposure during only a portion of organogenesis, measurement of a small number of end points, and 
no discussion of the results; potential reasons for the high mortality rate in the control group were not 
discussed. In a study of white rats that were dosed for 8 days prior to mating, during pregnancy, and 
during lactation (Wulff et al. 1935), it was not clear whether the dams received 10 or 20 mg/kg twice 
daily; thus, it is not known whether the dose was 20 or 40 mg/kg/day. Furthermore, this study did not 
investigate teratogenic end points, and no statistical analysis of data was performed. Despite these 
limitations, the data indicate that 2,4-DNP is fetotoxic in rats. While maternal body weight gain was 
not affected by the treatment, dams dosed with 2,4-DNP had a 25% stillborn rate compared with 7% 
in controls. The mortality rate for pups during lactation was 30.9% for the treated rats and 13.4% for 
the control groups; thus, the number of young reared per litter was less (3.01) for rats dosed with 
2,4-DNP than for the control groups (5.07). 
The NOAELs for developmental effects in mice are recorded in Table 2-1 and plotted in Figure 2-l. 
2.2.2.7 Genotoxic Effects 
No studies were located regarding genotoxic effects in humans after oral exposure to DNP. 
Some chemical mutagens and carcinogens bind covalently to deoxyribonucleic acid (DNA) and inhibit 
DNA synthesis. DNA synthesis (as determined by rate of uptake of tritiated thymidine given as a 
30-minute pulse, 3.5 hours after drug administration) was measured in testicular cells of male Swiss 
mice treated once by gavage with 0 or 20 mg/kg 2,4-DNP (Friedman and Staub 1976). The rate of 
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DNA synthesis in testicular cells was essentially the same in treated and untreated mice. The authors 
concluded that 2,4-DNP was not genotoxic under these experimental conditions. In another study, 
DNA synthesis (as determined by the ratio of the rate of uptake of tritiated thymidine injected 3 hours 
after drug administration to the rate of uptake of 14C-thymidine injected 16 hours before drug 
administration) was measured in testicular cells of mice treated by gavage with a single dose of 0 or 
30 mg/kg 2,4-DNP (Seiler 1981). The rate of DNA synthesis in testicular cells of mice treated with 
2,4-DNP was 55% less than that of untreated mice. Based on further in vitro experiments, the author 
claimed that the inhibition of DNA synthesis by 2,4-DNP was due to some other mechanism than 
genotoxicity. It is likely that the 2,4-DNP-induced decrease in DNA synthesis in vivo resulted from 
the effects of 2,4-DNP on energy-dependent cellular processes in testicular cells, rather than from a 
genotoxic effect. 
Other genotoxicity studies are discussed in Section 2.4. 
2.2.2.8 Cancer 
No studies were located regarding cancer in humans or animals after oral exposure to 2,4-DNP. 
2.2.3 Dermal Exposure 
Two studies involving occupational exposure to 2,4-DNP are discussed under Inhalation Exposure; 
exposure may have occurred by the dermal as well as the inhalation routes. Studies of dermal 
exposure to 2,4-DNP in animals are limited to one lethality study, two dermal irritation studies, and 
two initiation-promotion studies. 
No studies were located regarding health effects in humans or animals after dermal exposure to 2,3-, 
2,5-, 2,6-, 3,4-, or 3,5-DNP. 
2.2.3.1 Death 
No studies were located regarding death in humans after dermal exposure to 2,4-DNP. 
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Guinea pigs were exposed dermally to l00-1,000 mg/kg 2,4-DNP for 4 hours (Spencer et al. 1948). 
No mortality was observed at 100 or 200 mg/kg. The lowest dose causing mortality was 300 mg/kg 
(20%), and the lowest dose causing 100% mortality was 700 mg/kg. 
The LOAEL value for death in guinea pigs is recorded in Table 2-2. 
2.2.3.2 Systemic Effects 
No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological, 
musculoskeletal, hepatic, renal, endocrine, ocular, body weight, or metabolic effects in humans or 
animals after dermal exposure to 2,4-DNP. 
Dermal Effects. No studies were located regarding dermal effects in humans after dermal exposure 
to 2,4-DNP. 
Studies regarding dermal irritation in animals following acute dermal exposure to 2,4-DNP had 
deficiencies in experimental protocol (statistical analysis was not performed) and reporting (strain, sex, 
and numbers of animals, duration of each application, and number of applications per day were not 
reported). Twenty applications of a 3% 2,4-DNP solution in 95% ethanol to the ears of rabbits 
produced no significant signs of dermal irritation (Spencer et al. 1948). When similar treatment was 
applied to a bandage on the shaved abdomen, the result was very slight irritation, including mild 
hyperemia, edema, and exfoliation. No evidence of toxic absorption was apparent, but the criteria 
used to assess toxicity were not reported (Spencer et al. 1948). Twenty applications of a 4% 2,4-DNP 
solution in propylene glycol to the ears of rabbits produced no significant signs of dermal irritation 
(Dow Chemical Co. 1940). In the same study, six applications of a similar solution onto the shaved 
abdomen resulted in a “moderate simple irritation,” as indicated by hyperemia, edema, and 
denaturation. 
The LOAEL values for dermal irritation in rabbits are recorded in Table 2-2. 
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2.2.3.3 Immunological and Lymphoreticular Effects 
Information on immunological effects in humans after dermal exposure to 2,4-DNP is limited. Three 
methods of skin testing were performed on 157 people, 117 of whom were patients with hay fever, 
asthma, or urticaria (Matzger 1934). For the patch test, 10 mg of sodium 2,4-DNP was applied to the 
forearm or back under waxed paper. For the scratch test, 2 mg sodium 2,4-DNP in saline or 2 drops 
of a 2% aqueous solution was rubbed on a scarification. For the intradermal test, 0.01-0.02 mL of 
0.001%, 0.01%, 0.1%, or 1% sodium 2,4-DNP was introduced in the upper arm. In the indirect or 
passive transfer test, blood serum from a patient with a violent clinical reaction to DNP was 
introduced intradermally in nonallergic subjects. After 24 hours, the sites of passive transfer were 
tested intradermally with 2,4-DNP. The direct tests and the passive transfer test were negative. 
No studies were located regarding immunological effects in animals after dermal exposure to 2,4-DNP. 
No studies were located regarding the following health effects in humans or animals after dermal 
exposure to 2,4-DNP: 
2.2.3.4 Neurological Effects 
2.2.3.5 Reproductive Effects 
2.2.3.6 Developmental Effects 
2.2.3.7 Genotoxic Effects 
Genotoxicity studies are discussed in Section 2.4. 
2.2.3.8 Cancer 
No studies were located regarding cancer in humans after dermal exposure to 2,4-DNP. 
Female Sutter mice (initial age 2-3 months) received a single initiating dose of 0.3% 9,10-dimethyl­
1,2-benzanthracene (DMBA; 25 µL) in acetone applied to a shaved area of the back (Boutwell and 
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Bosch 1959). Then, 281 mg/kg 2,4-DNP (25 µL of solution containing 20% 2,4-DNP in acetone) was 
applied to the same area twice weekly for 12 weeks (time-weighted average [TWA] dose = 
80 mg/kg/day). The survival rate was 100%. No evidence of skin papillomas or carcinomas was 
observed. In animals similarly treated with phenol, 13% mortality was observed, and 58% and 5% of 
the survivors had papillomas and carcinomas, respectively. Treatment with phenol alone also resulted 
in the development of skin tumors, but at a slower rate and a lower incidence. A single application of 
DMBA did not result in skin tumors. The authors concluded that the introduction of nitro groups into 
the phenol ring destroyed the promoting effect of phenol, and that 2,4-DNP was not effective as a 
tumor promotor. 2,4-DNP was not tested as an initiator. 
A series of skin-painting experiments was done on female Swiss mice (initial weight 20-25 grams), 
with compounds applied to a shaved area of the back (Stenback and Garcia 1975). In the first 
experiment, 10 µg of 7,12-dimethylbenz(a)anthracene (DMBA) in acetone was applied to the back 
twice a week for 30 weeks. Skin tumors developed in 23 of 30 mice (18 of 30 had papillomas and 
12 of 30 had squamous cell carcinomas). Similar treatment with acetone alone resulted in no skin 
tumors. Thus, DMBA was a complete carcinogen in this experiment. In other experiments, a single 
dose of 100 µg DMBA was applied to the back, followed by application of other compounds or a 
combination of other compounds twice a week for 50 weeks. In the experiments relevant to 2,4-DNP, 
papillomas occurred in 6 of 30 mice (20%) receiving DMBA followed by 2,4-DNP plus croton oil; in 
8 of 30 mice (27%) receiving DMBA followed by acetone plus croton oil; in 4 of 30 mice (13%) 
receiving DMBA followed by acetone alone; in 2 of 30 mice (7%) receiving DMBA followed by 
2,4-DNP plus acetone; and in 30 of 50 mice (60%) receiving DMBA followed by croton oil alone. 
Croton oil, which contains a variety of phorbol esters, is a known promoter. No squamous cell 
carcinomas were induced by any of these treatments. The experiment did not include a group treated 
with DMBA followed by 2,4-DNP alone. However, since the incidence of papillomas was essentially 
no different or lower in mice receiving DMBA followed by 2,4-DNP and acetone, compared with mice 
receiving DMBA followed by acetone alone, and in mice receiving DMBA followed by 2,4-DNP and 
croton oil, compared with mice receiving DMBA followed by croton oil alone, 2,4-DNP did not 
appear to be a promoter for DMBA. In another experiment, 2,4-DNP was applied to the back 2 days 
before initiation with DMBA, during initiation, and 2 days after initiation, followed by promotion with 
croton oil. The incidence of papillomas was 32 of 50 in this group compared with 30 of 50 in the 
group receiving DMBA alone followed by croton oil. Thus, 2,4-DNP had no significant influence on 
DMBA initiation of tumors promoted by croton oil. 
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2.3 TOXICOKINETICS 
The toxicokinetics of 2,4-DNP in humans and animals have not been studied systematically. The 
available data from human case reports and experimental animal studies indicate that 2,4-DNP is 
readily absorbed by the oral and inhalation routes, and possibly by the derrnal route. Some evidence 
about distribution is available suggesting that a portion of the 2,4-DNP in the blood is bound to serum 
proteins and that the unbound fraction enters organs such as the eye. 2,4-DNP is rapidly metabolized 
via reduction of the nitro groups; the parent compound and metabolites are excreted in the urine. 
2,4-DNP is an uncoupler of oxidative phosphorylation. In humans or animals exposed to 2,4-DNP, the 
energy produced from the Krebs cycle is not stored in adenosine triphosphate (ATP), but is released as 
heat. This short-circuiting of metabolism results in the characteristic clinical signs of increased basal 
metabolic rate, oxygen consumption, perspiration, and body temperature. Elevated environmental 
temperatures may compromise the body’s ability to dissipate the heat. 
Limited toxicokinetic and mechanism data for the other DNP isomers indicate that these isomers also 
uncouple oxidative phosphorylation but that, with the exception of 2,6-DNP, they are eliminated much 
more rapidly than is 2,4-DNP. 
2.3.1 Absorption 
No studies were located regarding absorption in humans or animals after any route of exposure to 2,3-, 
2,5-, 2,6-, 3,4-, or  3,5-DNP. 
2.3.1.1 Inhalation Exposure 
No quantitative data were located regarding absorption in humans after inhalation exposure to DNPs. 
A metabolite of 2,4-DNP, 2-amino-4-nitrophenol, was commonly detected by the Derrien test in the 
urine of workmen (women were generally not employed in dangerous processes) exposed via 
inhalation to vapor and airborne dust of 2,4-DNP and by direct contact of the skin with the solid 
chemical in the munitions industry in France (Perkins 1919). Exposure may have occurred by the 
dermal and possibly oral routes, as well as by inhalation. In addition, examination of the blood, 
unspecified organs, and urine of workmen in this industry who died from exposure to 2,4-DNP 
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revealed the presence of 2,4-DNP and its metabolites; quantitative data were not provided (Perkins 
1919). Despite its limitations, the study provides some evidence of absorption from inhalation 
exposure. 
In a case of fatal occupational 2,4-DNP poisoning from exposure to mists and airborne dust of 
2,4-DNP in the U.S. chemical industry, the urine contained 2.08 g/L of 2,4-DNP and 50 mg/L of 
2-amino-4-nitrophenol (Gisclard and Woodward 1946). Workroom air levels of 2,4-DNP, determined 
subsequent to the death, were “normally” ≥40 mg/m3. This may underestimate breathing-zone levels, 
and significant dermal absorption was thought to have occurred following deposition of the chemical 
on the skin. Hence, no conclusions regarding fraction absorbed can be drawn from this study, but it 
does provide additional evidence of absorption from the inhalation route. 
No studies were located regarding absorption in animals after inhalation exposure to 2,4-DNP. 
2.3.1.2 Oral Exposure 
The data regarding absorption in humans after oral exposure are limited. Evidence of substantial 
2-4-DNP absorption was obtained from the case of an 80-kg man who ingested two 4.5-g doses of the 
sodium salt of 2,4-DNP (each equivalent to 46 mg 2,4-DNP/kg) 1 week apart and died 11 hours after 
the second dose (Tainter and Wood 1934). Analysis of a blood sample for 2,4-dinitrophenol and 
estimation of the total body burden, assuming the drug was evenly distributed between blood and 
tissues, gave a body burden of ≈2.72 grams 2,4-DNP, which corresponds to 3.31 grams of the sodium 
salt of 2,4-dinitrophenol at the time of death. Since some of the drug would have been metabolized, 
and some excretion of parent compound and metabolites probably would have occurred during the 
interval between ingestion and death, this value is not inconsistent with complete absorption of the 
second dose. 2,4-DNP and 2-amino-4-nitrophenol were detected in the urine of a woman who had 
taken sodium 2,4-DNP at 3.5 mg/kg/day 2,4-DNP for 20 days (Davidson and Shapiro 1934), indicating 
that absorption had occurred. Quantitative data were not reported. Indirect evidence of rapid 
absorption is provided by the maximal increases in basal metabolic rate that occurred within 1 hour of 
ingestion of 2-5 mg/kg 2,4-DNP from 2,4-DNP (Cutting et al. 1933) or sodium 2,4-DNP (Dunlop 
1934) by patients in clinical studies. 
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Limited additional information is provided by animal studies. The half-time for absorption of 
2,4-DNP following gavage administration of a single 22.5-mg/kg dose to mice was 0.5 hours (Robert 
and Hagardom 1983). A highly specific capillary gas chromatography (GC)-mass spectrometry (MS) 
technique was used to measure serum concentrations of 2,4-DNP at 1, 3, 6, 12, and 24 hours after 
dosing. The data were best represented by a two-compartment open model, and the analysis was 
performed accordingly. Fractional absorption was not determined. In an additional study employing 
the same analytical methods, 2,4-DNP (and its metabolites 2-amino-4-nitrophenol and 4-amino-2­
nitrophenol) were monitored in plasma for 0.5, 1, 2, 4, 6, 9, 12, 24, 48, and 96 hours following a single 
gavage dose of 22.5 mg/kg (Robert and Hagardom 1985). Maximum values for the plasma 
concentration of 2,4-DNP were seen at 0.5 and 1.0 hours after dosing, giving additional evidence of 
rapid absorption. 
The time course of plasma concentrations of 2,4-DNP following oral administration to dogs (1 per 
dose) at 5, 12.5, 25, or 125 mg/kg indicated substantial absorption by the first sampling period, 
0.5 hours (Kaiser 1964). Peak plasma levels were attained in 0.5-4 hours after dosing. In general, 
plasma levels tended to be higher in dogs that received higher doses. The 24-hour urine collections 
were analyzed for 2,4-DNP but not for metabolites; results were highly variable, raising the suspicion 
that collection may have been incomplete in some instances. Hence, the excretion data do not provide 
a reliable estimate of the fraction of the dose absorbed. 
2.3.1.3 Dermal Exposure 
The 1917 and 1918 records from two French munitions factories show that the percentage of positive 
Derrien tests (for the metabolite 2-amino-4-nitrophenol) tended to rise during the warm months of the 
year (Perkins 1919). One of these factories also provided records of the percentage of clinical cases, 
which, although much lower than the percentage of positive Derriens, roughly paralleled the Derrien 
results. The increases in percentages of positive Derrien tests and clinical cases during the warmer 
months provide support for the idea that dermal absorption may be an important route of entry to the 
body, since greater exposure of the skin would be expected during the warmer months. Alternatively, 
the higher ambient temperatures may have caused greater loss of body water through sweating, 
resulting in more concentrated urine, which could result in a greater percentage of positive Derrien 
tests. The higher ambient temperatures would also tend to exacerbate the effects of 2,4-DNP. 
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Similarly, the details of two fatal cases of 2,4-DNP in the U.S. chemical industry suggest that dermal 
absorption may have been a contributing factor. Two workers exposed to mists and dust of 2,4-DNP 
for a few months developed signs of toxicity; following treatment and rest, and then a return to the job 
during warmer weather, they collapsed and died (Gisclard and Woodward 1946). The warmer weather 
during the second period of exposure (duration not specified) was thought to be a contributing factor 
because of the greater skin exposure and potential for increased dermal absorption; it may also have 
exacerbated the effects by contributing to hyperpyrexia and increased pulse produced by 2,4-DNP. 
No studies were located regarding the rate or extent of absorption in animals after dermal exposure to 
2,4-DNP. However, the death of 1 of 5 guinea pigs dermally exposed to 300 mg/kg (Spencer et al. 
1948) suggests that dermal absorption occurred. 
2.3.2 Distribution 
No studies were located regarding distribution in humans or animals after any route of exposure to 
2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP. 
2.3.2.1 Inhalation Exposure 
Examination of the blood and unspecified organs of workmen who died from exposure to 2,4-DNP in 
the munitions industry in France revealed the presence of 2,4-DNP and its metabolites (Perkins 1919), 
indicating distribution to the tissues. Analysis of the organs (not specified) of two workmen who died 
following exposure to 2,4-DNP in the U.S. chemical industry, however, did not demonstrate the 
presence of the chemical or metabolites, although 2,4-DNP and 2-amino-4-nitrophenol were detected in 
the urine of one worker (urine was not tested in the other case) (Gisclard and Woodward 1946). 
Because one report (Perkins 1919) did not provide details of extraction and analytical methods, reasons 
for the discrepancy in results cannot be determined. In both studies, exposure may have occurred by 
the dermal as well as the inhalation routes. 
No studies were located regarding distribution in animals after inhalation exposure to 2,4-DNP. 
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2.3.2.2 Oral Exposure 
No studies were located regarding distribution in humans after oral exposure to 2,4-DNP. 
Limited information is available regarding distribution in animals after oral exposure to 2,4-DNP. 
Pharmacokinetic analysis indicated that a two-compartment open model best characterized the 
disposition of 2,4-DNP in the serum, liver, and kidney of mice given a gavage dose of 22.5 mg/kg of 
2,4-DNP (Robert and Hagardorn 1983). Serum and tissue levels of the parent compound were 
quantitated by a highly specific capillary GC-MS method at l-24 hours postdosing. Although 
concentrations of 2,4-DNP were much lower in liver and kidney than in serum, similar half-times for 
absorption (t1/2  = 0.50-0.62 hours) and for the fast (alpha) (t1/2  = 1.00-1.20 hours) phase of biphasic 
elimination in all 3 tissues were determined. However, terminal (beta) elimination phase from kidney 
was very slow (t1/2 = 76.2 hours) compared with the beta phase in liver (t1/2 = 8.7 hours) and in serum 
(t1/2 = 7.7 hours). The similar half-times for absorption and biphasic elimination in all three tissues 
(except terminal elimination phase in kidney) indicated that rapid exchange of 2,4-DNP occurred 
among these sites. The authors suggested that the apparent persistence of 2,4-DNP in the kidney could 
be related to tissue binding of the compound. 
The time course of plasma concentrations of 2,4-DNP following oral administration to dogs (1 per 
dose) at 5, 12.5, or 25 mg/kg gave no evidence of a trend towards higher plasma levels with continued 
daily dosing (Kaiser 1964). Hence, 2,4-DNP did not appear to accumulate. 
2.3.2.3 Dermal Exposure 
Distribution data from occupational exposure studies of 2,4-DNP are discussed in Section 2.3.2.1. 
No studies were located regarding distribution in animals after dermal exposure to 2,4-DNP. 
2.3.2.4 Other Routes of Exposure 
In coordination with toxicity studies (Gehring and Buerge 1969a) (see Section 2.4, Ocular Effects), a 
study was performed to determine whether susceptibility to 2,4-DNP cataractogenesis could be related 
to the concentrations of 2,4-DNP in the compartments of the eye (aqueous humor, vitreous humor, 
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lens) after intraperitoneal injection (Gehring and Buerge 1969b). Accordingly, animal models of 
higher (ducklings) and intermediate (immature rabbits) susceptibility were compared with those of low 
susceptibility (mature rabbits). In mature rabbits, the apparent first-order rate constants for elimination 
of 2,4-DNP from the media studied were 0.82 hours-1 for the first phase of elimination from serum, 
0.89 hours-1 for aqueous humor, and 0.41 hours-1  for vitreous humor. These values were substantially 
higher than those of immature rabbits (0.15 hours-1 for the first phase of elimination from serum, 
0.13 hours-1 for aqueous humor, and 0.16 hours-1 for vitreous humor) and the serum, but not the 
aqueous and vitreous humor values for ducklings (0.21 hours-1 for the first phase of elimination from 
serum, 0.84 hours-1 for aqueous humor, and 1.10 hours-1 for vitreous humor). The apparent first-order 
rate constant for elimination from lens of the mature rabbit was 0.27 hours-1, but no values for lens 
could be calculated for the other two animal types. The concentration of 2,4-DNP in the ocular 
compartments appears to be more important than the elimination rates in determining susceptibility of 
developing cataracts. Although initial concentrations of 2,4-DNP in the serum of all three animal 
models were similar, initial concentrations of 2,4-DNP in the compartments of the eye were higher in 
immature rabbits (≈10 µg/g in all compartments) and ducklings (≈3, 10, and 10 µg/g in lens, aqueous 
humor, and vitreous humor, respectively) than in the mature rabbits. Since the immature rabbits and 
ducklings are susceptible to 2,4-DNP-induced cataracts while mature rabbits are not, this result shows 
a correlation between local concentration of 2,4-DNP and cataract formation. 
Additional experiments, including in vitro investigations and pharmacokinetic analysis, indicated that 
some of the 2,4-DNP in serum was bound to protein and some was free; the fraction of free DNP was 
similar among the animals tested (mature and immature rabbits, ducklings) (Gehring and Buerge 
1969b). The concentration of DNP in the aqueous humor was related to, but lower than, the 
concentration of free 2,4-DNP in the serum; hence, there appeared to be a blood-aqueous humor 
barrier preventing free diffusion. This barrier appeared to be most effective in the mature rabbit and 
least effective in the duckling. The ducklings eliminated 2,4-DNP from eye compartments more 
rapidly, however, than did immature rabbits, which may account for the faster disappearance of 
cataracts in ducklings than in immature rabbits. The results of this study indicate that differences in 
sensitivity among these three animal types may be attributable to the attainment and maintenance of 
higher levels of 2,4-DNP in the eye in immature rabbits than in mature rabbits, with ducklings 
intermediate to the other two. Although this study provides some evidence that 2,4-DNP may be the 
cataractogenic agent, the study did not address the possible role of metabolites in cataractogenesis. 
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2.3.3 Metabolism 
No studies were located regarding metabolism in humans or animals after any route of exposure to 
2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP. 
Some information regarding metabolism of 2,4-DNP in humans is available from cases of occupational 
2,4-DNP poisoning and from a case involving ingestion of the chemical as a diet pill. The limitations 
of these studies include the relative lack of specificity of the methods employed to detect or quantify 
2,4-DNP and its metabolites. Examination of the blood and organs of workmen who died from 
exposure to 2,4-DNP in the French munitions industry revealed, the presence of 2,4-DNP and its 
reduced metabolites (not further specified) (Perkins 1919). The compounds found in urine were 
2,4-DNP, 2-amino-4-nitrophenol, 4-amino-2-nitrophenol, 2,4-diaminophenol, and other unidentified 
nitrogen compounds, which may have been glucuronide conjugation products (NRC 1982). In cases of 
serious 2,4-DNP poisoning, the presence of large amounts of 2-amino-4-nitrophenol in the urine were 
found and were the basis of a-particular test called the Derrien test, used as an indicator of exposure to 
2,4-DNP. This test is a color reaction for aminonitrophenols, with the formation of a characteristic red 
wine to violet color for 2-amino-4-nitrophenol and a more or less yellow-orange color for 4-amino-
2-nitrophenol constituting a positive test. Quantitation apparently was limited to visual inspection for 
color intensity. The test is not highly specific, as picramic acid also yields a red wine to violet color. 
The test cannot detect diaminophenols because the ability to produce the colored reaction depends on 
the NO2 group in aminonitrophenols. Mild cases of intoxication produced positive Derrien tests; when 
the urine gave a positive Derrien that increased in intensity day by day or remained fairly high, acute 
intoxication frequently developed. The percentage of positive Derriens did not appear to correlate with 
race (“white, yellow, black”) (Perkins 1919). 
In a case of fatal occupational 2,4-DNP poisoning from exposure to mists and airborne dust of 
2,4-DNP in the U.S. chemical industry, the urine contained 2.08 g/L 2,4-DNP and 50 mg/L of 
2-amino-4-nitrophenol (Gisclard and Woodward 1946). 
A woman who ingested sodium 2,4-DNP at 3.5 mg/kg/day 2,4-DNP for 20 days tested positive for the 
presence of 2-amino-4-nitrophenol (Derrien test) and 2,4-DNP (“indicator test” not further described) 
in the urine (Davidson and Shapiro 1934). 
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Additional information regarding metabolism of 2,4-DNP is available from studies in animals. In a 
study from the older literature, 2,4-diaminophenol was identified in the urine of rabbits treated orally 
with 2,4-DNP, and was concluded to be a metabolite of 2,4-DNP (Ogino and Yasukura 1957). The 
total dose given (probably to all the rabbits combined) was 30 grams (30,000 mg), and the total 
amount of 2,4-diaminophenol isolated from 10 liters of urine (presumably collected from all the dosed 
rabbits throughout the study) was 50 mg from 20 liters of urine. Hence, the yield of this urinary 
metabolite was 0.17% of the dose. The metabolite was extracted from the urine, purified, and 
identified by its properties, including melting point, nitrogen analysis, absorption curve, and various 
color reactions. Limitations of the study include the lack of adequate reporting of dose, route, and 
number of animals, relative lack of specificity in the identification methods available at the time, and 
the lack of experiments to quantitate losses of metabolite during the extraction and purification 
processes. Accordingly, only tentative conclusions regarding the identity of the metabolite as 
2,4-diaminophenol and the percentage of the dose metabolized to this metabolite can be drawn from 
this study. 
2,4-DNP and two of its metabolites, 2-amino-4-nitrophenol and 4-amino-2-nitrophenol, were monitored 
in plasma of mice at 0.5, 1, 2, 4, 6, 9, 12, 24, 48, and 96 hours following a single gavage dose of 
22.5 mg/kg using a highly specific capillary GC/MS technique (Robert and Hagardom 1985). The 
authors concluded that the amount of 2-amino-4-nitrophenol formed was 7.9 times the amount of 
4-amino-2-nitrophenol, and that 50% of 2,4-DNP elimination involved direct conversion to these two 
compounds. Plasma concentrations of these two metabolites reached their highest levels within the 
first half hour after dosing, indicating rapid metabolism. The results demonstrate that 2-amino-4­
nitrophenol is the major circulating metabolite of 2,4-DNP and that 4-amino-2-nitrophenol is also a 
significant circulating metabolite. The authors mentioned that they could not analyze for 2,4­
diaminophenol because of its reactivity with oxygen to form reactive quinones that could not be extracted 
and chromatographed by their method. 
Analysis of urine for 2,4-DNP and its aminonitrophenol metabolites following a single subcutaneous 
injection of 20 mg/kg 2,4-DNP into rats revealed only parent compound and 2-amino-4-nitrophenol 
(Parker 1952). 4-Amino-2-nitrophenol was not detected. The urine was collected over the 24-hour 
period following dosing. 
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An in vitro study of 2,4-DNP metabolism using rat liver homogenates identified 2-amino-4-nitrophenol 
and 4-amino-2-nitrophenol as metabolic products, with the 4-amino-2-nitrophenol present in greater 
abundance (Parker 1952). An additional ether-insoluble metabolite was tentatively identified as 
2,4-diaminophenol. When 2-amino-6nitrophenol or 4-amino-2-nitrophenol was incubated with rat 
liver homogenates, the 2-amino-4-nitrophenol was slowly metabolized to the ether-insoluble 
compound, while 4-amino-2-nitrophenol rapidly disappeared but with very little accumulation of the 
ether-insoluble compound. The reduction of the aminonitrophenols to the ether-insoluble compound 
appeared to be catalyzed by the same nitroreductase that reduces 2,4-DNP to the aminonitrophenols. 
A comparison of the activity of homogenates of various tissues in the rat and rabbit revealed that liver 
homogenate metabolized 2,4-DNP at a higher rate than did other tissue homogenates. In the rat, 
enzyme activities (mg 2,4-DNP metabolized per 100 grams wet weight of tissue) of other tissue 
homogenates relative to that of the liver homogenate (100%) were 60% in kidney, 59% in spleen, 47% 
in intrascapular fat, 29% in heart, 16% in muscle, and 3% in brain homogenates. In the rabbit, kidney 
homogenate activity was 41%, and heart homogenate activity was 3%, relative to liver homogenate 
activity. The rabbit spleen homogenate had no activity. The other rabbit tissues (intrascapular fat, 
muscle, and brain) were not analyzed. No activity was found in the blood of rats or rabbits. 
A more extensive investigation of the in vitro metabolism of 2,4-DNP by rat liver homogenates found 
that, under optimal pH and cofactor levels, 81% of the 2,4-DNP was metabolized. 2-Amino-4-nitrophenol 
accounted for 75%, 4-amino-2-nitrophenol for 23%, and 2,4-diaminophenol for ≈1% of the 
total amine metabolites produced (Eiseman et al. 1972). Even under suboptimal conditions, 2-amino-4-
nitrophenol was the predominant metabolite. The proposed metabolic pathway for 2,4-DNP is presented 
in Figure 2-2. 
The distribution of enzyme activity was analyzed in subcellular fractions: nucleic, mitochondrial, 
microsomal, and cytosol (Eiseman et al. 1972). The maximum activity was found in the cytosol, 
which is the site of other nitroreductases, although nitroreductases can also be located in microsomes 
(Fouts and Brodie 1957; Juchau et al. 1970; Kamm and Gillette 1963; Kato et al. 1969; Parker 1952). 
The properties of nitroreductases have been extensively studied for the reduction of p-nitrobenzoic acid 
(Kato et al. 1969). Two separate enzyme systems are involved, one located in the cytosol, and the 
other in the microsomes. Both forms require the presence of reduced nicotinamide adenine 
dinucleotides (NADH or NADPH) (Kato et al. 1969). The cytosolic reducing activity for 2,4-DNP 
required NADPH, since the activity in both the whole homogenate and in the cytosol was enhanced by 

88 DINITROPHENOLS 
2. HEALTH EFFECTS 
adding glucose-6-phosphatase and NADP (Eiseman et al. 1972). The fact that the washed microsomal 
fraction contained no appreciable activity with 2,4-DNP could be due to the absence of soluble 
NADPH-generating enzymes, such as a glucose-6-phosphate dehydrogenase. Oxygen partially 
inhibited the formation of the aminonitrophenols. This inhibition is consistent with a reoxidation of 
cofactors FADH2 or NADPH in the presence of oxygen (Kamm and Gillette 1963). Reduction of 
[14C]2,4-DNP to 2-amino-4-nitrophenol and 4-amino-2-nitrophenol by rat liver homogenates was not 
affected by the addition of p-nitrobenzoic acid, suggesting that different nitroreductases are involved 
(Eiseman et al. 1974). However, p-nitrophenol, o-nitrophenol, and 2,4-dinitro-6-sec-butylphenol 
inhibited the reduction of 2,4-DNP. The reduction was competitively inhibited by o-nitrophenol and 
noncompetitively inhibited by p-nitrophenol and 2,4-dinitro-6-sec-butylphenol. These results indicate 
separate metabolic pathways for 2,4-DNP and p-nitrobenzoic acid. The competitive inhibition by 
o-nitrophenol, however, suggests that 2,4-DNP and o-nitrophenol compete for the same active site on 
the nitroreductase, while the noncompetitive inhibition by the other two nitro compounds suggests 
binding at different sites on the enzyme. 
Limited information indicates that 2,4-DNP may also be conjugated to glucuronic acid or sulfate in the 
liver and then be excreted in the urine (NRC 1982). 
No studies were located regarding possible fecal metabolites of 2,4-DNP. 
2.3.4 Excretion 
No studies were located regarding excretion in humans after any route of exposure to 2,3-, 2,5-, 2,6-, 
3,4-, or 3,5-DNP. 
Limited information was located regarding excretion in animals after other routes of exposure to 2,3-, 
2,5-, 2,6-, 3,4-, or 3,5-DNP and is discussed in Section 2.3.4.4. 
2.3.4.1 Inhalation Exposure 
In humans exposed to 2,4-DNP by inhalation, both the parent compound and metabolites appear to be 
excreted in the urine. 2,4-DNP and its metabolites have been detected in the urine of workmen who 
died from exposure to 2,4-DNP in the munitions industry in France; quantitative exposure or urinary 
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data were not provided (Perkins 1919). In addition, a yellow staining of the skin was observed after 
workers perspired profusely, indicating that 2,4-DNP was excreted in the sweat. As discussed in 
Section 2.3.1.1, a metabolite of 2,4-DNP, 2-amino-6nitropheno1, was commonly detected in the urine 
of such workmen; quantitative data were not provided (Perkins 1919). In a case of fatal occupational 
2,4-DNP poisoning in the U.S., the urine contained 2.08 g/L of 2,4-DNP and 50 mg/L of 
2-amino-4-nitrophenol (Gisclard and Woodward 1946). In both occupational studies, exposure may 
have occurred by the dermal as well as inhalation routes. 
No studies were located regarding excretion in animals after inhalation exposure to 2,4-DNP. 
2.3.4.2 Oral Exposure 
Both 2,4-DNP and its metabolite, 2-amino-4-nitrophenol, were detected in the urine of a woman who 
had taken the sodium salt of 2,4-DNP at 3.5 mg/kg/day 2,4-DNP for 20 days and was admitted to the 
hospital 5 days after cessation of DNP treatment because of severe illness (agranulocytosis) (Davidson 
and Shapiro 1934). Detection of parent compound (method not described) and 2-amino-4-nitrophenol 
(Derrien test) occurred on the second day of hospitalization and of parent compound on the third. The 
bromsulphalein test for liver function showed evidence of impaired function, which may have 
accounted for the persistence of 2,4-DNP and 2-amino-4-nitrophenol in the body 7-8 days after 
cessation of intake. 
Pharmacokinetic analysis indicated that a two-compartment open model best characterized the 
disposition of 2,4-DNP in the serum, liver, and kidney of mice given a gavage dose of 22.5 mg/kg of 
2,4-DNP (Robert and Hagardorn 1983). Serum and tissue levels of parent compound were quantitated 
by a highly specific capillary GC-MS method at l-24 hours postdosing. Half-times for the slow 
terminal elimination phases were 7.7 hours for serum, 8.7 hours for liver, and 76.2 hours for kidney. 
The authors suggested that the apparent persistence of 2,4-DNP in the kidney could be related to tissue 
binding of the compound. 
In an additional study employing the same analytical methods, 2,4-DNP and its metabolites, 
2-amino-4-nitrophenol and 4-amino-2-nitrophenol, were monitored in plasma for 0.5-96 hours 
following a single gavage dose of 22.5 mg/kg in mice (Robert and Hagardorn 1985). Pharmacokinetic 
analysis indicated that two-compartment open models best characterized the disposition of 2,4-DNP 
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and 2-amino-4-nitrophenol from plasma, whereas a three-compartment open model best characterized 
the disposition of 4-amino-2-nitrophenol from plasma. The elimination half-lives (t1/2) for the terminal 
phase were estimated at 10.3 hours for 2,4-DNP, 46.2 hours for 2-amino-4-nitrophenol, and 25.7 hours 
for 4-amino-2-nitrophenol. 
In dogs (1 per dose) that received 1, 12.5, or 25 mg/kg/day 2,4-DNP, 24-hour excretion of parent 
compound in the urine at 1, 3, and 6 days of treatment was erratic (Kaiser 1964), raising the suspicion 
that collection may have been incomplete in some instances. Greater amounts of 2,4-DNP were 
excreted after the first than after subsequent doses. Excretion of metabolites was not investigated. 
Species differences in elimination of 2,4-DNP do not appear to be large (less than two-fold) on the 
basis of a single limited study. The elimination rate constants for 2,4-DNP from blood of rats, rabbits, 
guinea pigs, and mice following unspecified single oral doses of 2,4-DNP were 0.062, 0.10, 0.12, and 
0.098 hours-1, respectively (Lawford et al. 1954). 
2.3.4.3 Dermal Exposure 
Excretion data from occupational exposure studies of 2,4-DNP are discussed in Section 2.3.4.1. 
No studies were located regarding excretion in animals after dermal exposure to 2,4-DNP. 
2.3.4.4 Other Routes of Exposure 
Analysis of urine for 2,4-DNP and its aminonitrophenol metabolites following a single subcutaneous 
injection of 20 mg/kg 2,4-DNP into rats revealed only parent compound and 2-amino-4-nitrophenol 
(Parker 1952). 4-Amino-2-nitrophenol was not detected. The urine was collected over the 24-hour 
period following dosing. 
Absolute elimination rate constants for 2,4-DNP from blood in a limited study in rats, rabbits, guinea 
pigs, and mice were 0.122, 0.22, 0.135, and 0.21 hours-1, respectively, following a single unspecified 
intraperitoneal dose of 2,4-DNP (Lawford et al. 1954). 
91 DINITROPHENOLS 
2. HEALTH EFFECTS 
In a limited study using single large intraperitoneal doses, half-times for elimination of the 6 
dinitrophenol isomers, 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, and 3,5-DNP, were roughly estimated in rats at 12.5, 
225.0, 13.0, 210.0, 11.5, and 2.1 minutes, and in mice, 2.7, 54.0, 3.3, 238.0, 3.5, and 2.7 minutes, 
respectively (Harvey 1959). The small number of sampling times, short duration of sampling, and the 
rough estimation of half-lives severely limit any conclusions that could be drawn from this study, 
except that 2,4- and 2,6-DNP appear to be eliminated more slowly by both species than the other 
isomers. 
2.3.5 Mechanisms of Action 
2,4-DNP appears to be readily absorbed from the respiratory and gastrointestinal tracts (Gisclard and 
Woodward 1946; Kaiser 1964; Perkins 1919; Robert and Hagardom 1983; Tainter and Wood 1934). 
Some evidence suggests significant absorption through the skin as well (Gisclard and Woodward 1946; 
Perkins 1919). 2,4-DNP is relatively lipophilic with a pKa of 4.09 (see Chapter 3), and therefore is 
likely to be rapidly absorbed by passive diffusion of the un-ionized form from acidic compartments 
like the stomach. Another factor favoring the rapid absorption of 2,4-DNP is its small molecular 
weight (184.1 daltons). Molecules with a molecular weight below 600 daltons can permeate cell 
membranes through aqueous channels (Benz et al. 1980) regardless of their ionization state. 
Tissue analysis of cases of fatal occupational 2,4-DNP poisoning demonstrated the presence of 
2,4-DNP and/or its metabolites in the organs and tissues (Perkins 1919). One oral study in animals 
demonstrated higher concentrations of 2,4-DNP and its metabolites in serum than in liver or kidney 
(Robert and Hagardom 1983). 
A study in rabbits, with supporting in vitro experiments, suggests 2,4-DNP binds to serum proteins; 
concentrations of 2,4-DNP in the eye are related to the unbound 2,4-DNP, but there appears to be a 
blood-aqueous humor barrier preventing free diffusion (Gehring and Buerge 1969b). This barrier was 
more effective in mature than in immature rabbits. In addition, the mature rabbit eliminated 2,4-DNP 
more rapidly from semm and the eye. Differences in sensitivity of animals to the cataractogenic 
properties of 2,4-DNP may be related to the levels of 2,4-DNP attained in the eye. 
2,4-DNP appears to be metabolized to less toxic metabolites (primarily aminonitrophenols) that are 
excreted in the urine (Davidson and Shapiro 1934; Gisclard and Woodward 1946; Ogino and Yasukura 
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1957; Perkins 1919; Robert and Hagardorn 1985). The mechanism of excretion may be passive 
diffusion, in part, although there is some evidence from one in vitro study of active secretion of 
2,4-DNP by the renal organic acid transport process (Bemdt and Grote 1968). 
Limited information from a study in animals indicates that the 2,3-, 2,5-, 3,4-, and 3,5- isomers may 
be eliminated from the body much more rapidly than are 2,4- and 2,6-DNP (Harvey 1959). 
2,4-DNP was demonstrated to be an uncoupler of oxidative phosphorylation in an in vitro study 
(Loomis and Lipmann 1948). 2,4-DNP prevented phosphorylation without affecting, or with a slight 
stimulation of, oxidation. During the Krebs cycle, 2,4-DNP uncouples oxidative phosphorylation from 
electron transport by carrying protons across the inner mitochondrial membrane, thereby dissipating the 
pH gradient and membrane electrochemical potential and preventing the formation of adenosine 
triphosphate (ATP) (Stryer 1988). During this uncoupling, electron transport from NADH to oxygen 
proceeds normally, but the energy produced, which is normally stored in high-energy phosphate bonds 
in ATP, is released as heat. The small amount of ATP produced directly from glycolysis is not 
affected. In vitro studies further demonstrated and investigated the ability of 2,4-DNP to uncouple 
oxidative phosphorylation (Ilivicky and Casida 1969; Muscatello et al. 1975; Pinchot 1967; Weinbach 
and Garbus 1969). 2,4-DNP increased the rate of oxygen uptake and changed the electron microscopic 
appearance of rat liver mitochondria in vitro from an expanded configuration to a condensed state, 
with the ultrastmctural change occurring in concert with the functional changes of uncoupling 
(Muscatello et al. 1975). All energy-dependent biochemical processes thus are likely to be affected. 
Many of the clinical observations of 2,4-DNP toxicity, such as elevated basal metabolic rate or oxygen 
consumption, elevated respiration and pulse rates, increased perspiration, increased body temperature in 
humans and animals are related to the uncoupling of oxidative phosphorylation. When heat production 
exceeds the organism’s capacity to dissipate heat, fatal hyperthermia may result (Murphy 1986). 
The uncoupling of mitochondrial electron transport from oxidative phosphorylation with resultant 
decreased production of ATP by 2,4-DNP appears to be related to the cataractogenesis of 2,4-DNP. 
The lens epithelium is the chief source of available energy for the lens (Kuck 1970). In most animals, 
the energy needs are met principally by anaerobic glycolysis, and <30% by oxidative phosphorylation. 
In incubated bovine lenses, oxygen was not necessary for maintaining sodium levels in the presence of 
glucose, suggesting anaerobic respiration in the lens (Trayhum and van Heyningen 1971). Energy 
evolved from the breakdown of ATP by Na+/K+-activated ATPase is required for the transport of these 
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cations across the lens epithelium to maintain proper ionic balance. Sodium is actively transported 
from the lens to the aqueous humor, while potassium is actively transported in the reverse direction. 
Interference with this active transport mechanism across the lens epithelium can result in increased 
sodium in the lens, disruption of the ionic balance between the lens and aqueous humor, and 
subsequent cataract formation. An in vitro study with rabbit lenses also demonstrated that 2,4-DNP 
does not cause calcium-induced cataracts by interfering with active transport of calcium from the lens, 
because the energy for calcium transport is derived from anaerobic glycolysis and not oxidative 
phosphorylation (Hightower and Reddy 1981). 
Because 2,4-DNP uncouples oxidative phosphorylation but does not interfere with glycolysis in most 
tissues, one would not expect 2,4-DNP to affect lens metabolism. However, oxidative phosphorylation 
may be more important in the lens epithelial cells of humans, rabbits, and domestic birds (e.g., chicks 
and ducklings), as these species appear to be more susceptible to cataract formation after 2,4-DNP 
exposure (Kuck 1970). In domestic birds, cataracts occur almost immediately after exposure to 
2,4-DNP and are reversible (Buschke 1947). However, in humans, cataracts can occur some time after 
treatment is terminated and may not be reversible. This phenomenon has not been fully explained. 
Other DNP isomers have also been demonstrated to uncouple oxidative phosphorylation in isolated rat 
liver mitochondria (Burke and Whitehouse 1967). The relative potencies of the DNPs in uncoupling 
were (in declining order): 3,5- > 2,4- > 2,6- ≈3,4- > 2,3- ≈2,5-DNP. This order is not congruent with 
limited acute toxicity data in animals (Harvey 1959), but in the whole animal, elimination and other 
processes may play a deciding role. 
2.4 RELEVANCE TO PUBLIC HEALTH 
DNPs are released to the environment primarily during their manufacture and use, and from waste 
disposal sites. They can also form in the atmosphere through chemical reactions, can be removed 
from air by dry or wet deposition on soil, and can leach into groundwater. Other than in workplace 
air, DNPs have not been measured in the ambient air. No monitoring data for drinking water in the 
United States are available. No regulations by the Occupational Safety and Health Administration 
(OSHA), recommendations by the National Institute for Occupational Safety and Health (NIOSH), or 
information regarding current workroom levels of DNPs were located. Their occurrence and levels in 
food or total diet have not been documented. People with potentially high exposures to DNPs are 
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occupational groups and people who live near factories that make or use them, or near hazardous 
waste sites that contain DNPs. The most likely routes of exposure near hazardous waste sites would 
be breathing contaminated air, drinking contaminated water, eating contaminated food, or skin contact 
with contaminated soil. Another possible source of exposure is ingestion of contaminated soil by 
children. However, the extent of exposure for residents around waste sites has not been documented. 
The toxicity of 2,4-DNP has been shown to increase at high environmental temperatures; therefore, 
susceptibility to the toxic effects may be greater for workers at high workroom temperatures or in the 
general population at high environmental temperatures. 
The available human and animal data suggest that 2,4-DNP is readily absorbed by the oral and 
inhalation routes. There is some evidence suggesting significant absorption through the skin as well. 
In the blood, 2,4-DNP is transported both free and bound to serum proteins. There appears to be no 
tendency to accumulate in the body, although a pre-existing condition of compromised liver function 
might lead to a diminished ability of the liver to metabolize 2,4-DNP to its less toxic, readily excreted 
metabolites (primarily aminonitrophenols), perhaps resulting in some retention. Data regarding 2,3-, 
2,5-, 2,6-, 3,4-, and 3,5-DNP are limited to parenteral studies in animals, which indicate that, with the 
exception of 2,6-DNP, the other isomers are eliminated much more rapidly than is 2,4-DNP. 
The great majority of data regarding toxicity of DNPs pertained to 2,4-DNP administered by the oral 
route. Limited data were available regarding occupational exposure of humans and dermal exposure of 
animals to 2,4-DNP. No studies were located regarding toxicity in humans exposed to 2,3-, 2,5-, 2,6-, 
3,4-, or 3,5-DNP. With the exception of oral studies of 2,6-DNP cataractogenesis in chickens, toxicity 
data for these isomers in animals were limited to exposure by the parenteral routes of administration. 
2,4-DNP was prescribed as a weight reduction drug in the 1930s; therefore, numerous case reports and 
clinical studies regarding the oral toxicity of this drug in humans are available (Tainter et al. 1935b, 
Simkins 1937b). 2,4-DNP has not been legally used as a weight reduction drug since the 1930s so 
widespread exposure via ingestion of diet pills no longer occurs. However, in the early 1980s a 
physician in Texas administered 2,4-DNP to patients at his diet clinic (Kurt et al. 1986). After many 
complaints of side effects, a state court ordered the physician to cease distributing 2,4-DNP to his 
patients. Acute, intermediate, and chronic oral exposure of humans to 2,4-DNP results in increased 
basal metabolic rate, increased perspiration, sensation of warmth, weight loss, and, at higher levels of 
exposure, increased heart and respiratory rates and body temperature. Limited evidence from dermal 
and inhalation studies indicates that these effects are not route dependent. These effects are related to 
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the uncoupling of mitochondrial electron transport from oxidative phosphorylation by 2,4-DNP, which 
results in the release of energy as heat, rather than storage in the high energy phosphate bonds of ATP 
(Loomis and Lipmann 1948). The uncoupling of oxidative phosphorylation has the potential to affect 
all tissues and organs. In humans, the increased basal metabolic rate and related end points are 
observed at approximately the same exposure levels regardless of whether the duration of exposure is 
acute, intermediate, or chronic. Individual susceptibility to many of the effects of 2,4-DNP varies 
widely. The reason that some people are more susceptible may be due to pre-existing conditions, such 
as liver or kidney disease (Perkins 1919). These effects of 2,4-DNP are acute; onset is rapid (over 
several hours), and in spite of the danger of mortality from large increases in basal metabolic rate, 
cessation of exposure to 2,4-DNP often leads to a complete recovery. Limited data on 2,3-, 2,5-, 2,6-, 
3,4-, and 3,5-DNP indicate that these compounds appear to have equivalent or less potential for 
increasing basal metabolic rate, in comparison to 2,4-DNP. 
In addition to the above effects, a small percentage of humans ingesting 2,4-DNP or its sodium salt for 
weight loss developed peripheral neuritis (Nadler 1935), life-threatening agranulocytosis (Hoffman et 
al. 1934), serious skin reactions (MacBryde and Taussig 1935), or cataracts leading to blindness 
(Whalman 1936). Most of these effects were not observed in other mammalian species exposed orally, 
although cataracts were induced in yellow adipose mice and in guinea pigs on a vitamin C-deficient 
diet. There does not seem to be a most sensitive target organ in animals; however, in humans, the 
hematopoietic, ocular and nervous systems seem to be more sensitive than other body organ systems. 
2,4-DNP inhibits mitochondrial function and affects all cells in the body. The increased sensitivity of 
certain human organ systems to 2,4-DNP suggests that their proper function is critically dependent on 
optimal ATP production. 
Limited information from a few case reports of people who took 2,4-DNP suggests that it may affect 
female reproductive organs and menses, but this evidence is not conclusive. No studies were located 
regarding developmental effects in humans. Evidence of developmental toxicity was reported in two 
studies administering 2,4-DNP parenterally to animals. Decreases in fetal body weight and length, and 
an increase in early fetal resorptions were reported in rats that received 2,4-DNP subcutaneously 
(Goldman and Yakcovac 1964). A small effect on fetal body weight and length was seen in mice that 
received 2,4-DNP intraperitoneally, but no other developmental effects were observed (Gibson 1973). 
Two oral gavage studies on animals reported no developmental toxicity at exposure levels producing 
maternal toxicity (Gibson 1973; Kavlock et al. 1987). In another oral gavage study, treatment of 
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female rats before mating and during gestation and lactation resulted in a high incidence of stillborn 
pups and high mortality of pups during lactation (Wulff et al. 1935). However, this study did not 
evaluate teratogenicity. Since these studies were inadequate with respect to experimental protocol or 
reporting of protocol and results, the potential for 2,4-DNP to produce developmental effects has not 
been adequately addressed. Adequate reproductive toxicity studies in animals were not located. 
2,4-DNP has been tested for genotoxicity in several in vivo and numerous in vitro assays; in general, 
the compound was negative for genotoxicity. However, genotoxic data do indicate a potential for 
mutagenicity of 2-amino-4-nitrophenol, 4-amino-2-nitrophenol, and 2,4-diaminophenol, which are 
metabolites of 2,4-DNP. No studies were located regarding cancer in humans after exposure to any 
isomer of DNP. 2,4-DNP has not been adequately tested for carcinogenicity in animals, and no 
studies were located regarding carcinogenicity in animals exposed to the other DNP isomers. 
Minimal Risk Levels for DNPs 
No studies were located regarding health effects in humans or animals (other than chickens) after 
inhalation or oral exposure to any isomer of DNP other than 2,4-DNP. Accordingly, the following 
discussion will focus on 2,4-DNP. 
Inhalation MRLs 
No Marls have been derived for inhalation exposure to 2,4-DNP because data for all durations are 
insufficient. Although health effects have occurred in humans exposed to 2,4-DNP occupationally 
(Gisclard and Woodward 1946; Perkins 1919), exposure appeared to involve both the inhalation and 
dermal routes, and exposure concentrations were not known or inadequately characterized. No studies 
were located regarding health effects in animals after inhalation exposure to 2,4-DNP. 
Oral MRLs 
•	 An MRL of 0.01 mg/kg/day has been derived for acute-duration oral exposure (14 days or less) 
to 2,4-DNP. 
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The MRL for acute-duration oral exposure of 0.01 mg/kg/day was derived from the lowest observed 
adverse effect level (LOAEL) of 1.2 mg/kg/day identified in 37 humans who took 2,4-DNP for weight 
reduction for an average of 14 days (Tainter et al. 1935b). The adverse effects seen at this dose were 
a sensation of warmth, increased perspiration, and body weight loss of 0.43 kg/week. These patients 
were not losing weight at the time they began 2,4-DNP treatment and had been instructed to continue 
the same diets as before treatment. These results are consistent with the uncoupling of oxidative 
phosphorylation by 2,4-DNP and resultant increases in basal metabolic rate and loss of body weight. 
No dermal effects, cataracts, hematological effects or symptoms of peripheral neuritis occurred in these 
patients at this dosage over this time period. The MRL was derived by dividing the 1.2 mg/kg/day 
dose from the Tainter study by an uncertainty factor of 10 for human variability and again by 10 
because a level of acute oral exposure which caused no adverse effects (NOAEL) could not be located 
in the literature. 
Most of the toxic effects of 2,4-DNP are related to its ability to uncouple oxidative phosphorylation 
from electron transport, resulting in greatly diminished production of ATP, with the energy dissipated 
as heat, which can lead to fatal hyperthermia. All energy-dependent biochemical processes are likely 
to be affected, with toxicity resulting in any organ system. Furthermore, the local metabolic poisoning 
may exacerbate other pre-existing diseases. The most sensitive and proximate indicators are increased 
basal metabolic rates, increased body temperature, increased pulse, and body weight loss, which alone 
do not necessarily lead to toxicity (unless a large acute dose is taken and pyrexia develops). In a few 
people, oral ingestion of 2,4-DNP at doses above 1.2 mg/kg/day for longer periods of time led to 
serious toxic effects including cataracts, agranulocytosis, peripheral neuritis and serious dermatological 
conditions. 
In the studies described in this section, metabolic rate was measured indirectly by oxygen 
consumption. True metabolic rates (heat generated per unit time) are measured by calorimetry, which 
is very expensive and technically difficult. Oxygen consumption was found to correlate well with true 
metabolic rates when expressed as liters oxygen consumed per unit time per square meter of body 
surface area. Surface area was estimated by an empirical formula that took into account the subject’s 
height and weight. Data was obtained as liters O2 consumed/hour/m2. This value was compared to a 
standard table that gave average basal metabolic rates for sex and age group from hundreds of 
determinations. Female metabolic rates were slightly lower than males, and metabolic rate declined 
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with age. Basal metabolic rate was expressed as a percentage of the average value from the table; 
values of -10% to +10% were considered normal because of natural variability. 
The 37 patients in the MRL study were part of a larger clinical trial of sodium 2,4-DNP involving 170 
patients who ingested an average of 4.0 mg/kg/day 2,4-DNP for an average of 88 days (Tainter et al. 
1935b). In this trial, the initial dose of 1.2 mg/kg/day 2,4-DNP was increased in small increments at 
intervals ≥1 week until a target rate of weight loss was reached (1-1.5 kg/week). Basal metabolism 
was measured in some of these patients, pretreatment values were not reported, but there was a 
statistically significant dose-response relationship between increase in metabolic rate and increasing 
dosages of 2,4-DNP. Several additional experimental and clinical studies conducted at 
3.2-4.3 mg/kg/day 2,4-DNP for acute (Castor and Beierwaltes 1956; Cutting and Tainter 1933; Cutting 
et al. 1934; MacBryde and Taussig 1935) and intermediate durations (Castor and Beierwaltes 1956; 
Cutting et al. 1934; Looney and Hoskins 1934; MacBryde and Taussig 1935; Simkins 1937a, 1937b) 
provide results on basal metabolic rate and body weight in good agreement with those obtained at the 
higher dosage levels in the study by Tainter et al. (1935b). Increases in basal metabolic rate are 
reversible after cessation of dosing. The threshold region for effects on basal metabolic rate and body 
weight has not been investigated as extensively as higher dose levels producing these effects. 
Although not clearly established, increases in basal metabolic rate of 10% or less do not appear to be 
toxicologically significant and are not considered adverse. However, increases of 10-29% result in 
increased body temperature that may be adverse, and increases of 30% or more may result in severe 
pyrexia, and therefore represents a serious adverse effect. 
Dermal reactions (itching and/or urticarial or maculopapular lesions) were seen in 23 and sensory 
peripheral neuritis was seen in 18 of the 100 patients who took ≥3.5 mg/kg/day 2,4-DNP for at least 
6 weeks in the study by Tainter et al. (1935b). Skin lesions were common in people taking 2,4-DNP 
(Anderson et al. 1933; Beinhauer 1934; Dintenfass 1934; Hitch and Schwartz 1936; Hunt 1934; 
Imerman and Imerman 1936; Nadler 1935; Simkins 1937a, 1937b) for acute to chronic durations. A 
patient who took 1.86 mg/kg/day 2,4-DNP for 14 days (Hitch and Schwartz 1936) developed a serious 
dermal reaction that worsened and resulted in hospitalization for severe exfoliating dermatitis eight 
months later. This patient recovered after two months. The lowest dose reported in the reviewed case 
histories occurred at 0.91 mg/kg/day for 8 days (Nadler 1935), but individual susceptibility varied 
widely. 
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Cataracts developed in a small percentage of patients who took 2,4-DNP as a weight reduction aid for 
acute, intermediate-, and chronic-durations. The case report literature regarding cataractogenesis of 
2,4-DNP is voluminous, with at least 164 cases in the published literature (Hitch and Schwartz 1936; 
Horner 1942; Horner et al. 1935; Rank and Waldeck 1936; Rodin 1936; Simkins 1937a, 1937b; 
Whalman 1936). Representative case reports that provided doses show that cataracts developed in the 
patients at doses ranging from 1.86 to 4.29 mg/kg/day 2,4-DNP, but no correlation with duration of 
exposure can be established. Cataract development at the lowest dose occurred eight months after 
exposure at 1.86 mg/kg/day 2,4-DNP for 14 days ceased (Hitch and Schwartz 1936). Again, 
individual susceptibility to 2,4-DNP cataractogenesis appears to vary widely. 
Three case histories reported death from agranulocytosis due to ingestion of 2,4-DNP for intermediate 
durations (Dameshek and Gargill 1934; Goldman and Haber 1936; Silver 1934). In only one of these 
cases was enough information provided to calculate a dose (1.03 mg/kg/day); autopsy of this case 
revealed severe fatty changes in the liver and severe histological changes in other organs (Goldman 
and Haber 1936). Whether the fatty liver was a pre-existing condition is not known. Compromised 
liver function, with resultant reduced ability to metabolize 2,4-DNP, could have contributed to the 
severe effects and death of this individual. Agranulocytosis was also reported in other individuals who 
recovered after discontinuation of dosing for acute or intermediate durations (Dameshek and Gargill 
1934; Davidson and Shapiro 1934; Hoffman et al. 1934; Imerman and Imerman 1936). Doses in these 
cases ranged from 3.5 to 5.7 mg/kg day 2,4-DNP for 14-35 days. 
Peripheral neuritis has been described in patients taking 2,4-DNP orally at therapeutic doses for weight 
reduction for acute to intermediate durations (Anderson et al. 1933; Bortz 1934; Epstein and 
Rosenblum 1935; Hitch and Schwartz 1936; Hunt 1934; Nadler 1935; Simkins 1937a, 1937b; Tainter 
et al. 1935b). No correlations between this effect and dose or duration could be discerned, again 
indicating wide variation in individual susceptibility. Doses at which peripheral neuritis was observed 
ranged from 1.86 to 3.53 mg/kg/day 2,4-DNP. Neuritis at the lowest dose occurred eight months after 
exposure at 1.86 mg/kg/day 2,4-DNP for 14 days ceased (Hitch and Schwartz 1936). 
The MRL of 0.01 mg/kg/day for acute duration oral exposure should be protective against the toxic 
effects of 2,4-DNP. The more serious effects that have been associated with 2,4-DNP use (neuritis, 
cataract, agranulocytosis, dermal reactions) generally occurred in patients who either took doses two to 
five-fold higher than the 1.2 mg/kg/day from which the MRL is derived or, took 2,4-DNP for much 
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longer periods of time than the 14 day or less period covered by the MRL. One case of serious 
toxicity was located (Hitch and Schwartz 1936) that involved a patient who took 1.86 mg/kg/day 
2,4-DNP for 14 days and discontinued dosing because of a dermal reaction. Over the next eight 
months, this condition grew worse until she was hospitalized with severe exfoliating dermatitis. While 
in the hospital she also developed symptoms of neuritis and bilateral cataracts, which were not present 
on admission. Hematological tests were normal except for a slight secondary anemia. This individual 
may have had an idiosyncratic reaction to 2,4-DNP, dermal reactions in other patients were reversed 
when 2,4-DNP was discontinued. Oral exposure to 2,4-DNP at 0.01 mg/kg/day would be unlikely to 
result in effects on ATP production in the mitochondria, which is the mechanism of action for 
2,4-DNP-induced toxicity. 
No MRL has been derived for intermediate- or chronic-duration oral exposure to 2,4-DNP because no 
human studies of chronic duration reporting reliable doses were located, and data from humans 
exposed orally for intermediate durations indicate that effects do not seem to be correlated with dose 
or duration. One patient who took 1.03 mg/kg/day for 46 days (Goldman and Haber 1936) was 
hospitalized with fever and vomiting. Severe agranulocytosis was observed and the patient 
subsequently died. Autopsy revealed severe fatty changes in the liver suggesting that this patient had 
a pre-existing liver condition that may have made her more susceptible to 2,4-DNP toxicity. A 
chronic-duration study in animals (Tainter 1938) is available and identifies a NOAEL of 20 mg/kg/day 
for reduced body weight. At 30 mg/kg/day, body weight gain was reduced 25%. No respiratory, 
cardiovascular, hepatic, renal, or dermal/ocular effects were seen at <60 mg/kg/day, although a 
50% decrease in life span was seen at 60 mg/kg/day. Use of the rat NOAEL to derive a chronic oral 
MRL is not recommended because this NOAEL is higher than the acute LOAEL identified in humans 
for reduced body weight and metabolic effects. The available data for all durations shows that animals 
are much less sensitive than humans to the effects of  2,4-DNP and are not good models for predicting 
doses that would result in adverse effects in humans. 
The U.S. Environmental Protection Agency (EPA) has established a reference dose (RfD) of 
0.002 mg/kg/day over a lifetime for protection against cataracts. The RfD is an estimate (with 
uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human population 
(including sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects 
during a lifetime (Barnes and Dourson 1988). The EPA identified a LOAEL for cataracts of 
2 mg/kg/day based on a compilation of case reports (Horner 1942). The RfD was derived by dividing 
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by uncertainty factors of 10 for human variation, 10 for extrapolation of a LOAEL to a hypothetical 
no effect level, and 10 for extrapolation of intermediate-duration exposure to chronic exposure. The 
MRL for 2,4-DNP (0.01 mg/kg/day) is higher than the RfD because it was derived for the acute 
duration and no extrapolation for longer durations was necessary. 
Death. Occupational exposure of humans to 2,4-DNP has resulted in death (Gisclard and 
Woodward 1946; Perkins 1919). This exposure included airborne vapor, mists, dust, and direct dermal 
contact with the solid form of 2,4-DNP, indicating that exposure probably occurred via inhalation, 
dermal, and possibly oral routes. Death from occupational exposure to 2,4-DNP appeared to occur at 
a greater rate in workers having alcoholism or liver or kidney disease (Perkins 1919). Case studies 
reported death in humans ingesting 2,4-DNP and its sodium salt (doses expressed here as mg/kg 
2,4-DNP) in capsules. Ingestion of 46 mg/kg twice at an interval of 1 week resulted in hyperpnea, 
chest pain, extreme elevation of body temperature and pulse rate, then death; death in this case 
probably resulted from the pyretic effects of 2,4-DNP (Tainter and Wood 1934). In another fatal case, 
similar effects and coma preceded the death of a psychiatric patient given 2.66 mg/kg/day for 14 days 
(Masserman and Goldsmith 1934). A woman who ingested 7 mg/kg/day for 5 days also had similar 
effects, became comatose, and died (Poole and Haining 1934). Severe histopathological lesions were 
found in her lungs, kidneys, liver, heart, spleen, stomach, brain, and spinal cord. Death from 
agranulocytosis (see Hematological Effects) was described in three case reports of individuals ingesting 
2.9-4.3, 1.03, and 0.62-3.8 mg/kg/day 2,4-DNP, respectively, for ≈6-7 weeks as prescribed by their 
doctors (Dameshek and Gargill 1934; Goldman and Haber 1936; Silver 1934). However, no deaths 
from agranulocytosis or other causes were reported in numerous clinical studies of humans ingesting 
up to 5.27 mg/kg/day for acute or intermediate durations (Castor and Beierwaltes 1956; Cutting et al. 
1934; Grant and Schube 1934; Looney and Hoskins 1934; MacBryde and Taussig 1935; Simkins 
1937a, 1937b; Stockton and Cutting 1934; Tainter et al. 1935a, 1935b), suggesting that large variations 
in sensitivity to 2,4-DNP may exist among humans. The basis for these differences in sensitivity is 
not known. One possibility is that the differences may be related to the ability of the liver and other 
tissues to metabolize 2,4-DNP to a less toxic form or to exacerbation of pre-existing impaired organ 
function. No studies were located regarding death in humans after exposure to 2,3-, 2,5-, 2,6-, 3,4-, or 
3,5-DNP. 
No studies were located regarding death in animals after inhalation exposure to any of the DNP 
isomers, or after oral or dermal exposure to 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP. A large database 
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regarding death in animals after oral administration of 2,4-DNP supports the data on 2,4-DNP induced 
mortality in humans. Single-dose, oral LD50 values for 2,4-DNP were 30 mg/kg for rats of unspecified 
age (Dow Chemical Co. 1950), 71 mg/kg for weanling rats, and 72 mg/kg for weanling mice (Kaiser 
1964). The cause of death in animals treated once by gavage with 2,4-DNP was generally attributed 
to the pyretic effect of 2,4-DNP; rats exposed to potentially lethal doses of 2,4-DNP either died within 
a few hours or recovered completely (Kaiser 1964; Spencer et al. 1948). There was no clear 
difference in the lethality of 2,4-DNP among animal species tested (rats, mice, and dogs), and usually 
death did not occur from single gavage doses ≤10 mg/kg. A comparison of the lethality of 2,4-DNP 
after intraperitoneal or subcutaneous administration supports the contention that interspecies (rats, 
mice, rabbits, and dogs) differences in lethality of 2,4-DNP are not substantial (Harvey 1959; Tainter 
and Cutting 1933b). One study suggested that 2,4-DNP was more lethal to adult mice than to 
weanling mice (Bettman 1946). A clear difference in lethality exists between administration of 
2,4-DNP by continuous intermittent feeding, with no increased mortality in rats after 110 mg/kg/day 
for 30 days (Pugsley 1935) or 40 mg/kg/day for life (Tainter 1938), but 100% mortality in rats after a 
single gavage dose of 60-100 mg/kg) (Dow Chemical Co. 1940; Kaiser 1964; Spencer et al. 1948), 
and 100% mortality in dogs after an intravenous dose of 5 mg/kg (Davies et al. 1991). This difference 
in toxicity may be explained by higher systemic blood levels of the parent compound after bolus 
administration. The oral data in humans concern bolus (capsule) administration, usually l-3 times a 
day with meals. Exposure of humans to 2,4-DNP near NPL sites is probably intermittent. Dermal 
exposure to 200, 300, and 700 mg/kg 2,4-DNP for 4 hours resulted in deaths of 0%, 20%, and 100% 
of guinea pigs, respectively, indicating that 2,4-DNP is absorbed through the skin (Spencer et al. 
1948). The cause of increased mortality in animal studies after oral administration of 2,4-DNP was 
either attributed to the pyretic effects of 2,4-DNP or was not discussed; no deaths from agranulocytosis 
were reported in animals. 
The lethality of the different isomers of DNP can be compared by examining data from parenteral 
routes. The LD50 values after intraperitoneal administration of 2,4-, 2,6-, 3,5-, 3,4-, 2,5-, and 2,3-DNP 
in rats were 35, 38, 45, 98, 150, and 190 mg/kg, respectively, and in mice were 36, 45, 50, 112, 273, 
and 200 mg/kg, respectively (Harvey 1959), indicating little difference in species sensitivity to the 
various isomers. These differences in lethality among the isomers could result from differences in 
mechanism of action, and different metabolism and elimination factors for the isomers. In an in vitro 
study, the relative potencies of the six isomers in uncoupling oxidative phosphorylation in rat liver 
mitochondria were 3,5- > 2,4- > 2,6- = 3,4- > 2,3- = 2,5-DNP (Burke and Whitehouse 1967). The 
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half-life for elimination of the isomers from the blood of rats was 225, 210, 13, 12.5, 11.5, and 2.1 
minutes for 2,4-, 2,6-, 2,5-, 2,3-, 3,4-, and 3,5-DNP, respectively (Harvey 1959). Thus, the relatively 
high toxicity of 2,4- and 2,6-DNP might be explained by a greater ability to uncouple oxidative 
phosphorylation at the cellular level and a longer half-life in the blood. Intraperitoneal administration 
of the six isomers to mice exposed at air temperatures of 39-41 °C greatly increased the lethality of 
2,4-DNP (100% mortality at 5 mg/kg) and 2,6-DNP (100% mortality at 10 mg/kg/day) compared to 
mice maintained at room temperature; however, lethality of the other isomers did not change 
significantly, suggesting that mortality from 2,4- and 2,6-DNP results from the pyretic effects of those 
two isomers (Harvey 1959). A comparison of the toxicities of compounds administered by the 
intraperitoneal route may not be relevant to oral human exposure, because intraperitoneal 
administration bypasses first pass metabolism by the gastrointestinal tract and liver; however, LD50 
values for 2,4-DNP were similar between oral, intraperitoneal, and intravenous administration in rats 
(60-72 mg/kg) and mice (52-72 mg/kg) (Kaiser 1964). 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in death. Death from exposure in the ambient environment seems unlikely, 
based on limited information. 
Systemic Effects. No studies were located regarding systemic effects in humans after exposure to 
2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP or in animals after inhalation exposure to any of the DNP isomers. 
Studies of systemic effects of DNPs in animals after dermal exposure were limited to two dermal 
irritation studies on 2,4-DNP. 
Respiratory Effects.  Occupational exposure to 2,4-DNP did not cause specific damage to the lungs; 
pulmonary edema was noted in fatal cases but was thought to be secondary to vasomotor effects 
(Perkins 1919). Increased respiratory rates were observed in workers exposed to 2,4-DNP (Perkins 
1919), after single oral doses >10 and 46 mg/kg (Cutting et al. 1934; Tainter and Wood 1934), 
7 mg/kg/day for 5 days (Poole and Haining 1934), or 2.66 mg/kg/day for 14 days (Masserman and 
Goldsmith 1934). This increase in respiration is secondary to 2,4-DNP-induced uncoupling of 
oxidative phosphorylation, leading to elevation of basal metabolic rate and body temperature. Three of 
these cases were fatalities (Masserman and Goldsmith 1934; Poole and Haining 1934; Tainter and 
Wood 1934). Autopsy of one of the cases revealed hyperemic and hemorrhagic lungs, congestion of 
alveolar walls, and edema in alveoli. Elevated respiratory rates and dyspnea were also observed in 
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people who took 1.03-3.97 mg/kg/day for intermediate durations (Goldman and Haber 1936; Imerman 
and Imerman 1936; Simkins 1937a, 1937b). The patient who took 1.03 mg/kg/day died, and vascular 
congestion was found in the lungs upon autopsy (Goldman and Haber 1936). A patient who took 
2.3 mg/kg/day 2,4-DNP for 14 days and had severe dermatological reactions did not exhibit dyspnea 
(Anderson et al. 1933). 
Respiratory effects in animals after oral exposure to 2,4-DNP were similar to those observed in 
humans. Increased respiratory rates were observed in dogs, rats, and mice following acute bolus 
administration of 2,4-DNP (Kaiser 1964). Parenteral administration of 2,4-DNP to rats intravenously 
and rabbits subcutaneously resulted in substantial increases in respiratory rate, tidal volume, and 
minute ventilation (Tainter and Cutting 1933a; Takehiro et al. 1979). No gross or histological 
evidence of treatment-related pulmonary damage was reported following long-term treatment of rats in 
the diet (Spencer et al. 1948) or dogs via capsules at 50-60 and 10 mg/kg/day 2,4-DNP, respectively 
(Tainter 1938; Tainter et al. 1934b). Thus, the effects of 2,4-DNP on respiration in humans and 
animals appear to be a consequence of an increase in basal metabolic rate; no evidence of progressive 
damage to the pulmonary system was observed in animals exposed to 2,4-DNP for long durations. 
Effects of the six dinitrophenol isomers on minute volume, respiratory rate, and tidal volume were 
studied in rats injected intraperitoneally at dose ranges relative to their LD50 values (Grant 1959). The 
parameters were increased by all six isomers, but the greatest increases were seen with 2,4-DNP. 
Minute volumes were increased 60% by 2,4-DNP; 47% by 2,3-DNP; 32% by 2,5-DNP; 23% by 
3,4-DNP; 21% by 2,6-DNP; and 11% by 3,4-DNP. Respiratory rates were increased 16% by 
2,4-DNP; 12% by 2,3-DNP; 11% by 3,4-DNP; 9% by 2,5-DNP; 5% by 2,6-DNP; and 1.5% by 
3,5-DNP. Tidal volumes were increased 37% by 2,4-DNP; 31% by 2,3-DNP; 21% by 2,5-DNP; 15% 
by 2,6-DNP; 10% by 3,4-DNP; and 9% by 3,5-DNP. This study was conducted to determine whether 
effects on oxygen consumption and carbon dioxide output as determined in a study by Cameron 
(1958) (see Metabolic Effects) were due to metabolic disturbances at the cellular level or to 
hyperventilation. The author concluded that since there was no relationship between increased 
ventilation and carbon dioxide output, the increase in carbon dioxide output was not caused by 
hyperventilation but was instead due to the effect of 2,4-DNP on cellular respiration. Other studies 
regarding respiratory effects in animals exposed parenterally to 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP were 
limited to an indirect assessment of basal metabolic rates measured by oxygen consumption and carbon 
dioxide output; these data are discussed in the section on Metabolic Effects. 
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It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in respiratory effects. Respiratory effects from exposure in the ambient 
environment seem unlikely, based on limited information. 
Cardiovascular Effects.  No studies were located regarding cardiac effects in humans after inhalation 
exposure to any isomer of DNP. Increased pulse rates were reported for humans ingesting high doses 
(>10 mg/kg and 46 mg/kg) of 2,4-DNP in capsules, but the effect was probably secondary to increased 
basal metabolic rate and body temperature (Cutting et al. 1933; Tainter and Wood 1934). Similarly, 
an increase in venous pressure (measured directly in the median cubital vein) noted at 3.5 mg/kg/day 
for up to 12 days appeared to be a compensatory mechanism for the maintenance of normal blood 
pressure while the body attempted to dissipate heat through peripheral vasodilation (Stockton and 
Cutting 1934). In a clinical study, persistent abnormal electrocardiograms were observed starting at 
2 weeks of treatment in 3 of 6 patients treated with 4.3 mg/kg/day 2,4-DNP for 6-8 weeks (MacBryde 
and Taussig 1935). Elevated pulse rates were common findings in people who took 2,4-DNP for acute 
or intermediate durations (Epstein and Rosenblum 1935; Goldman and Haber 1936; Imerman and 
Imerman 1936; Poole and Haining 1934). Doses ranged from 1.03 to 7 mg/kg/day, but effects did not 
correlate with the measured pulse rates. Autopsy and histological examination in one fatal case 
revealed marked segmentation and fragmentation of the cardiac muscles (Poole and Haining 1934), 
and autopsy in another fatal case revealed slight scarring of the tricuspid and mitral valves, 
hypertrophy of the right ventricle, and small scattered fatty deposits in the aorta (Masserman and 
Goldsmith 1934). Myocarditis was considered the cause of death of a woman who took an 
indeterminate dose of 2,4-DNP for 1 week (Lattimore 1934). A case report of a patient who took 
2.3 mg 2,4-DNP for 14 days and developed severe dermatological symptoms reported no changes in 
blood pressure or heart rate during the dosing period (Anderson et al. 1933). 
Elevated heart rates and highly abnormal electrocardiograms were observed in dogs fed capsules 
containing 25 mg/kg/day for 1-14 days or 125 mg/kg for 1 day (Kaiser 1964). Increased heart rates 
were reported following intravenous administration of 2,4-DNP in rats at 6 mg/kg (Takehiro et al. 
1979) and dogs at 36 mg/kg (Kaiser 1964). In the dogs, intravenous infusion of 2,4-DNP resulted in 
an increased heart rate from ≈120 beats per minute preinfusion to 220 beats per minute at ≈50 minutes 
during infusion (Kaiser 1964). Thereafter, the heart rate declined, and death ensued at 84-85 minutes 
during infusion. No gross or histological evidence of treatment-related cardiac damage was reported 
after long-term treatment of rats in the diet (Spencer et al. 1948) or dogs via capsules at 50-60 and 
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10 mg/kg/day 2,4-DNP, respectively (Tainter 1938; Tainter et al. 1934b). Thus, acute effects of 
2,4-DNP on cardiac function are adverse and potentially life-threatening in animals and humans; 
however, animal studies suggest that long-term exposure to nonfatal levels of the compound does not 
result in progressive damage to the heart. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in cardiovascular effects. Cardiovascular effects from exposure in the 
ambient environment seem unlikely, based on limited information. 
Gastrointestinal Effects.  Nausea and vomiting were reported in occupationally exposed humans 
(Perkins 1919) and in 5 of 15 patients ingesting 4.3 mg/kg 2,4-DNP for l-8 weeks (MacBryde and 
Taussig 1935). Nausea, vomiting, diarrhea, and heartburn were among the gastrointestinal effects 
experienced by people ingesting 2,4-DNP (Bayer and Gray 1935; Goldman and Haber 1936; Lattimore 
1934; Poole and Haining 1934; Simkins 1937a, 1937b). Doses ranged from 1.03 to 7 mg/kg/day but 
effects did not correlate with duration. In a fatal case, autopsy revealed edema and hemorrhage in the 
stomach and disintegration of the glandular mucosa (Poole and Haining 1934). In another fatal case, 
no pathological changes were found in the stomach, but numerous focal hemorrhagic necroses were 
found in the small intestine (Goldman and Haber 1936). In addition, a woman who took 
4.4 mg/kg/day for 4 days experienced pharyngitis after the first dose that worsened after repeated 
doses (Dintenfass 1934). The effects on the gastrointestinal tract and pharynx appear to be due to 
local necrosis or irritation by 2,4-DNP. Nausea and diarrhea did not occur in a patient who developed 
severe dermal reactions after taking 2.3 mg/kg/day 2,4-DNP for 14 days (Anderson et al. 1933). 
Vomiting was observed in dogs exposed to 12.5-125 mg/kg/day 2,4-DNP for 1-14 days, but not at 
5 mg/kg/day for 14 days. No gross or histological evidence of treatment-related damage to the 
gastrointestinal tract was reported after long-term treatment of rats in the diet or dogs via capsules at 
50 and 10 mg/kg/day 2,4-DNP, respectively (Spencer et al. 1948; Tainter et al. 1934b). Thus, 
vomiting appears to be an acute effect of 2,4-DNP on the gastrointestinal tract; however, long-lasting 
effects (lesions) were not reported, even at doses producing mortality. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in gastrointestinal effects. Gastrointestinal effects from exposure in the 
ambient environment seem unlikely, based on limited information. 
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Hematological Effects.  No studies were located regarding hematological effects in humans after 
inhalation exposure to any DNP isomer. Agranulocytosis (a syndrome characterized by marked 
decrease in the number of granulocytes, lesions of the throat and other mucous membranes, and fever 
[also called granulocytopenia, malignant neutropenia, agranulocytic angina]) was reported in 8 patients 
treated orally with 2,4-DNP or its sodium salt in capsules, either acutely or for intermediate durations 
(Horner 1942). Agranulocytosis resulting in death was reported in 3 patients ingesting 1.03 mg/kg/day 
(Goldman and Haber 1936), 2.9-4.3 mg/kg/day 2,4-DNP (Dameshek and Gargill 1934), or 
0.62-3.8 mg/kg/day 2,4-DNP (Silver 1934) for ≈6-7 weeks. Other patients recovered following 
discontinuance of the dmg (Dameshek and Gargill 1934; Davidson and Shapiro 1934; Hoffman et al. 
1934; Imerman and Imerman 1936). Agranulocytosis was also reported in other individuals who 
recovered after discontinuation of dosing for acute or intermediate durations (Dameshek and Gargill 
1934; Davidson and Shapiro 1934; Hoffman et al. 1934; Imerman and Imerman 1936). Doses in these 
cases ranged from 3.5 to 5.7 mg/kg day 2,4-DNP for 14-35 days. Most case reports and clinical 
studies that examined hematological end points found no effects (Anderson et al. 1933; Beinhauer 
1934; Epstein and Rosenblum 1935; Masserman and Goldsmith 1934; Simkins 1937a, 1937b; Tainter 
et al. 1935b); however, slight anemia was reported in two cases (Hitch and Schwartz 1936; Imerman 
and Imerman 1936). 
No evidence of hematological abnormalities was observed in rats treated with 50 mg/kg/day 2,4-DNP 
in the diet for 6 months (Spencer et al. 1948) or in dogs treated via capsules to 10 mg/kg/day 
2,4-DNP; analysis of bone marrow in the dogs revealed no abnormalities (Tainter et al. 1934b). 
The mechanism for 2,4-DNP induced agranulocytosis in humans is not known. Abnormalities in 
leukocyte or differential counts were not observed in animal studies evaluating hematological end 
points. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in hematological effects. Hematological effects from exposure in the 
ambient environment seem unlikely, based on limited information. 
Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans after 
inhalation exposure to any DNP isomer. Strength and endurance were adversely affected in some 
patients ingesting 4.3 mg/kg/day 2,4-DNP for l-4 weeks (MacBryde and Taussig 1935). This effect 
may be related to the uncoupling of oxidative phosphorylation by 2,4-DNP, rather than a specific 
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adverse effect of 2,4-DNP on muscle tissue. Rheumatoid or arthritic-like pains were experienced by 
five women taking 2,4-DNP for weight reduction (Anderson et al. 1933; Nadler 1935). Doses ranged 
from 0.91 to 3.53 mg/kg/day and durations ranged from 8 to 105 days; however, doses did not 
correlate with symptoms. One woman had a history of chronic hypertrophic arthritis of the cervical 
spine and knees, but because arthritic-like pains developed in her fingers and all large joints while 
taking 2,4-DNP, it was thought that the drug exacerbated her arthritis (Anderson et al. 1933). These 
pains may be related to the development of peripheral neuritis (Nadler 1935) (see Neurological 
Effects). 
In support of a nonspecific action on muscle, no gross or histological evidence of treatment-related 
damage to muscle or skeletal tissue was reported following long-term treatment of rats in the diet or 
dogs via capsules at 50 and 10 mg/kg/day 2,4-DNP, respectively (Spencer et al. 1948; Tainter et al. 
1934b). Thus, the effects of 2,4-DNP on muscle tissue appear to be related to the uncoupling action 
of the chemical and are probably not progressive. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in musculoskeletal effects. Musculoskeletal effects from exposure in the 
ambient environment seem unlikely, based on limited information. 
Hepatic Effects. Workers who died from exposure to 2,4-DNP had no consistent microscopic lesions 
or changes in the liver (Perkins 1919). Some evidence of impaired liver function (increased 
phenoltetraiodophthalein retention) was observed in one clinical study of a limited number of patients 
ingesting capsules containing 2,4-DNP at a dosage of 4.3 mg/kg/day for l-8 weeks (MacBryde and 
Taussig 1935). In fatal cases, histological examination revealed slight detachment of liver cells 
(Tainter and Wood 1934), disintegration of hepatocytes, granular cytoplasm and pyknotic nuclei (Poole 
and Haining 1934), necrosis of hepatocytes and hemorrhage in the liver (Lattimore 1934), and severe 
fatty changes in the liver (Goldman and Haber 1936) in patients taking oral doses of 2,4-DNP for 
acute to intermediate durations. Tests for liver function, such as icteric index (a measure of serum 
bilirubin), the Van den Bergh test, and the bromsulphalein retention test, in other case reports and 
clinical studies of people exposed orally found no evidence of impaired damage (Anderson et al. 1933; 
Masserman and Goldsmith 1934; Simkins 1937a, 1937b). 
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Animal data suggest that the liver is not a particularly sensitive target organ for oral exposure to 
2,4-DNP. No abnormal liver function or gross or histological evidence of treatment-related liver 
damage was observed after long-term treatment of rats in the diet (Spencer et al. 1948) or dogs via 
capsules at 50-60 and 10 mg/kg/day 2,4-DNP, respectively (Tainter 1938; Tainter et al. 1934b). Rats 
that died after single dose gavage treatment with 2,4-DNP had kidney, liver, and spleen damage 
(Spencer et al. 1948). However, in another acute study no histological abnormalities were observed in 
the liver of dogs after several oral treatments, including a fatal dose (Tainter and Cutting 1933b). The 
effect of six isomers of DNP on bile secretion, BSP (bromsulphalein) retention, and rectal temperature 
was studied in anesthetized dogs (Pugh and Stone 1968). 2,4-DNP was administered at single 
intravenous doses of 1-5 mg/kg, while the other isomers were administered at doses of 4-6 mg/kg. 
2,4-DNP produced a significant dose-related increase in rectal temperature (1.3 °C at 1 mg/kg and 
3.9 °C at 5 mg/kg/day), while the other isomers produced no significant increase. Bile secretion was 
increased by 75% at 1 mg/kg, 200% at 2 mg/kg, 133% at 3 mg/kg, 132% at 4 mg/kg, and 153% at 
5 mg/kg 2,4-DNP. At each dose, this choleresis persisted throughout the 2-hour sampling period. 
Bile secretion increased by 54% with 5 mg/kg 3,4-DNP, 51% with 6 mg/kg 2,3-DNP, 50% with 
3 mg/kg 2,5-DNP, 28% with 6 mg/kg 3,5-DNP, and 13% with 4 mg/kg 2,6-DNP. The choleresis 
produced by the other isomers did not persist. 2,4-DNP decreased BSP excretion by 13% at 1 mg/kg 
and by 17% at 2 mg/kg, but increased BSP excretion by 10% at 3 mg/kg, by 8% at 4 mg/kg, and by 
16% at 5 mg/kg. The other isomers at 4-6 mg/kg all decreased BSP excretion. The choleretic effect 
of 2,4-DNP may be related to its ability to uncouple oxidative phosphorylation. Thus, the liver does 
not appear to be a particularly sensitive target organ for 2,4-DNP toxicity in humans or animals 
exposed orally. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in hepatic effects. Hepatic effects from exposure in the ambient environment 
seem unlikely, based on limited information. 
Renal Effects. Workers who died from exposure to 2,4-DNP had no consistent microscopic lesions or 
changes in the kidney (Perkins 1919). However, histological examination of kidneys from people who 
died after ingesting 2,4-DNP revealed mild nephrosis in a man who took 46 mg/kg followed by an 
additional 46 mg/kg 1 week later (Tainter and Wood 1934); cloudy swelling, pyknosis in the renal 
tubules, edema in interstitial tissue, distention of capillary and arterial loops in the glomerulus, and 
hemorrhage in a woman who took 7 mg/kg/day for 5 days (Poole and Haining 1934); marked 
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destruction of the renal tubule epithelial lining with hemorrhage into the glomeruli in a woman who 
took an undetermined dose for 1 week (Lattimore 1934); and hemorrhagic nephritis in a girl who took 
1.03 mg/kg for 46 days (Goldman and Haber 1936). In nonfatal cases, albuminuria was found in 
2 women who took 2.32 mg/kg/day (Beinhauer 1934) or 3.97 mg/kg/day (Imerman and Imerman 
1936) for 37 or 35 days, respectively, and in 6 of 15 people for whom urinalysis was performed in an 
extensive clinical study of 159 patients taking 3 mg/kg/day for 22-89 days (Simkins 1937a, 1937b). 
Kidney function, as assessed by phenolsulfonphthalein retention, was not affected in the case reported 
by Beinhauer (1934) or in the 15 patients tested by Simkins (1937a, 1937b). Repeated tests of renal 
function on 3 patients treated with 4.3 mg/kg/day 2,4-DNP over a period of 8 weeks indicated no 
changes, but quantitative data were not provided (MacBryde and Taussig 1935). 
Animal data regarding the toxicity of 2,4-DNP to the kidney is equivocal. Rats exposed to 
5-50 mg/kg/day 2,4-DNP in the diet for 6 months had no gross or histological evidence of kidney 
damage (Spencer et al. 1948). BUN (blood urea nitrogen) was greatly elevated in 2 of 14 and 2 of 
9 rats exposed to 25 and 50 mg/kg/day, respectively, but the mean values in each group were similar 
to the controls (Spencer et al. 1948). Dogs exposed to 5 or 10 mg/kg/day 2,4-DNP in capsules for 
6 months had normal levels of blood urea and urinary sugar; urinary albumin was increased at 
12 weeks at both exposure levels but was otherwise normal throughout the experiment (Tainter et al. 
1934b). In addition, no gross or histological evidence of kidney damage was observed. The authors 
concluded that the treatment did not produce progressive damage to the kidney (Tainter et al. 1934b). 
Gross and histological findings in the kidneys of rats exposed to 60 mg/kg/day 2,4-DNP in the diet for 
life were comparable to those of the control group (Tainter 1938). Rats treated once by gavage with 
20 mg/kg 2,4-DNP displayed very mild tubular necrosis in 5 of 16 kidneys examined; no statistical 
analysis of the data was reported (Arnold et al. 1976). The kidneys, livers, and spleens of rats that 
died after a single gavage dose treatment with 2,4-DNP were damaged (Spencer et al. 1948). 
However, in another acute study no histological abnormalities were observed in the kidneys of dogs 
after several oral treatments that resulted in death (Tainter and Cutting 1933b). Thus, animal data 
suggest that slight renal damage may occur following non-lethal doses of 2,4-DNP. The human data 
suggest that albuminuria may occur in nonfatal cases, and profound kidney damage may occur in fatal 
cases. 
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It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in renal effects. Renal effects from exposure in the ambient environment 
seem unlikely, based on limited information. 
Endocrine Effects.  No studies were located regarding endocrine effects in humans or animals after 
inhalation exposure to any of the DNP isomers. 
Little information is available regarding endocrine effects in humans exposed to 2,4-DNP. Autopsy of 
a woman who died after taking 1.03 mg 2,4-DNP for 46 days revealed extensive vascularization of the 
spleen and pituitary accompanied by goiter in the thyroid (Goldman and Haber 1936). Decreased 
glucose tolerance was observed in one clinical study in 5 of 8 patients after l-2 weeks of treatment 
and in 4 of 4 after 3-4 weeks of treatment with 4.3 mg/kg/day 2,4-DNP (MacBryde and Taussig 
1935). An additional finding in humans given 2,4-DNP for short durations was a 21% decrease in 
serum protein-bound iodine in 11 non-obese subjects who ingested 3.2 mg/kg/day 2,4-DNP for 2 days 
(Castor and Beierwaltes 1956). Thyroidal I131 excretion did not appear to be affected. Hence the 
toxicological significance of this finding is unclear. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in endocrine effects. Endocrine effects from exposure in the ambient 
environment seem unlikely, based on limited information. 
Dermal Effects. No studies were located regarding dermal effects in human or animals after 
inhalation exposure to any of the DNP isomers. The lowest oral dose causing dermal effects in the 
reviewed case histories occurred at 0.91 mg/kg/day for 8 days (Nadler 1935), but individual 
susceptibility varied widely. Skin reactions were observed in some of the patients in two clinical 
studies in which patients ingested 4.3 mg/kg/day or an average of 4.0 mg/kg/day for intermediate 
durations (MacBryde and Taussig 1935; Tainter et al. 1935b). Some patients experienced itching with 
no rashes, while others had visible skin lesions (urticarial or maculopapular); in some cases, the 
reaction was considered severe. Skin lesions (pruritic, maculopapular, or urticarial) were common in 
people who ingested 2,4-DNP for weight reduction for acute to chronic durations (Anderson et al. 
1933; Beinhauer 1934; Dintenfass 1934; Hitch and Schwartz 1936; Hunt 1934; Imerman and Imerrnan 
1936; Nadler 1935; Simkins 1937a, 1937b). In some cases, the lesions were severe, covering the 
entire body surface (Anderson et al. 1933; Beinhauer 1934; Hitch and Schwartz 1936). In one case, 
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the lesions were characterized by severe exfoliating dermatitis, with redness, edema, oozing of serum, 
and crusting (Hitch and Schwartz 1936). In another case, the pruritus was characterized by swelling of 
eyelids, lips, and neck; giant wheals covering the entire body, which were tense to the touch and 
marked by numerous deep excoriating and intense urticaria; distended and swollen hands and feet; and 
numerous herpetic lesions in the mouth (Beinhauer 1934). The skin reaction generally disappears after 
discontinuation of treatment. Dermal effects were not observed in patients taking 1.2 mg/kg/day 
2,4-DNP as the sodium salt of 2,4-DNP for an average of 14 days (Tainter et al. 1935b) or in 13 non-
obese men experimentally dosed with 5.27 mg/kg/day for 20 days (Grant and Schube 1934). No evidence 
of skin reactions was reported in animal studies following oral administration of 2,4-DNP for acute-, 
intermediate-, or chronic-durations. 2,4-DNP was slightly to moderately irritating to the skin after a 3-4% 
solution was applied to the shaved abdomen of guinea pigs (Dow Chemical Co. 1940; Spencer et al. 
1948). 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in dermal effects. Dermal effects from exposure in the ambient environment 
seem unlikely, based on limited information. 
Ocular Effects. No studies were located regarding ocular effects in humans or animals after inhalation 
exposure to any of the DNP isomers. Bilateral, irreversible cataracts, progressing to total blindness, 
were observed in a small percentage of patients who ingested 2,4-DNP or sodium 2,4-DNP for acute, 
intermediate, or chronic durations. Cataract formation is the main reason 2,4-DNP was banned from 
use for weight control by the Food and Drug Administration. At least 164 cases of cataract 
development were reported in patients taking the drug for weight loss (Hill 1936; Hitch and Schwartz 
1936; Horner 1942; Horner et al. 1935; Rank and Waldeck 1936; Rodin 1936; Simkins 1937a, 1937b; 
Tainter et al. 1935b; Whalman 1936). Representative case reports that provided doses show that 
cataracts developed in the patients at doses ranging from 1.86 to 4.29 mg/kg/day 2,4-DNP, but no 
correlation with duration of exposure can be established. Cataract development at the lowest dose 
occurred 9 months after exposure at 1.86 mg/kg/day 2,4-DNP for 14 days ceased (Hitch and Schwartz 
1936). Again, individual susceptibility to 2,4-DNP cataractogenesis appears to vary widely. The 
cataracts developed very rapidly while the patient was still taking 2,4-DNP or after the treatment had 
ended; many of the affected patients were too young for the occurrence of senile cataracts. In some 
cases, marked swelling of the lens occurred that occasionally caused acute secondary glaucoma. A 
genetic predisposition to 2,4-DNP cataractogenesis has been suggested (Buschke 1947; Hessing 1937). 
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2,4-DNP-induced cataract formation was not generally observed in other mammals. No cataracts were 
observed following acute oral exposure to 2,4-DNP in mice and rabbits, and in longer-term studies on 
black mice, dogs, and rats, even at dose levels that caused death (Bettman 1946; Spencer et al. 1948; 
Tainter 1934b, 1938). One of 20 albino mice developed cataracts after an 11-month exposure in feed 
to 130 mg/kg/day 2,4-DNP (Bettman 1946). However, several factors can apparently increase the 
sensitivity of some mammals to 2,4-DNP-induced cataract formation, including abnormal diets 
(vitamin C deficiency in guinea pigs) (Ogino and Yasukura 1957), strain (yellow adipose mice) 
(Bettman 1946), and age (newborn rabbits) (Gehring and Buerge 1969a). In addition, chicks and 
ducks developed cataracts within hours to days after oral exposure to 2,4-DNP (Bettman 1946; 
Buschke 1947; Gehring and Buerge 1969a; Robbins 1944). The progression of development of 
cataracts in birds was considered “remarkably similar” to that reported in humans exposed to 2,4-DNP 
(Horner 1942; Robbins 1944). Unlike cataracts in humans, however, the cataracts in birds were 
transient, usually regressing within days to weeks after development. Injection of 2,4-DNP directly 
into the posterior chamber of the eyes of ducks or rabbits produced a dose-related increased incidence 
of cataracts, sometimes within 10-20 minutes after injection (Bettman 1946; Gehring and Buerge 
1969a). The authors suggested that the rapidity of the cataract formation following intraocular 
injection indicated that the parent compound was the toxic agent in cataract formation, and that 
cataracts are formed only after concentration of 2,4-DNP in the aqueous fluid “bathing” the lens 
attained a threshold (Gehring and Buerge 1969a). Age-related susceptibility to cataract formation was 
observed in rabbits injected intraperitoneally with 2,4-DNP. The ED50 values were 6.6 and 32 mg/kg 
in 10- and 62-day-old rabbits, respectively. Cataract formation did not occur in 90-day old rabbits at 
any intraperitoneal dose of 2,4-DNP. The authors suggested that increased sensitivity of newborn 
rabbits to 2,4-DNP may result from decreased ability to metabolize substances and a general increased 
permeability of the blood-ocular fluid barrier to substances. The species that are sensitive and 
insensitive to the cataractogenesis of 2,4-DNP appear to be the same as those sensitive and insensitive 
to the cataractogenesis of other agents. For example, no cornea1 opacities or cataracts were produced 
in rats fed 2,4-dinitro-o-cresol (DNOC), 2-sec-butyl-4,6-dinitrophenol, 2-cyclohexyl-4,6-dinitrophenol, 
or 2-cyclohexyl-4,6-dinitrophenol for 6 months, while cataracts developed in ducks within l-2 days on 
diets of DNOC and within 4-6 days on diets of 2-sec-butyl-4,6-dinitrophenol (Spencer et al. 1948). In 
addition, cataracts were induced within l-5 hours in chickens given a single oral dose of DNOC 
(Buschke 1947). 2,6-Dibromo-4-nitrophenol, 2,4-aminoanisole, 2,4-dinitrophenetole, 2-chloro-
4,6-dinitrophenol, and 2,4-dinitro-5chlorophenol were also active cataractogenic agents in chickens. 
Cataracts were induced in guinea pigs by dermal application or subcutaneous injection of acetone, but 
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no cataracts developed in rabbits after dermal application of acetone (Rengstorff et al. 1972; 
Rengstorff and Khafagy 1985). Acetone is not known to cause cataracts in humans; therefore, no 
suitable animal model to study cataract development in humans after exposure to chemical agents was 
identified in these studies. Humans are apparently more sensitive than other mammals to the cataract 
forming effects of 2,4-DNP. However, only a small percentage of humans ingesting 2,4-DNP 
developed cataracts. Increased sensitivity of some humans to 2,4-DNP induction of cataract formation 
may be related to metabolism and distribution of 2,4-DNP, especially to the levels of the parent 
compound in the ocular fluid. Genetic factors may also play a role. 
As discussed in Section 2.3.5, the uncoupling of mitochondrial electron transport from oxidative 
phosphorylation with resultant decreased production of ATP by 2,4-DNP is also related to the 
cataractogenesis of 2,4-DNP. In most animal species, the energy needs for the lens are met principally 
by anaerobic glycolysis, <30% by oxidative phosphorylation (Kuck 1970; Trayhurn and van 
Heyningen 1971). Energy in the form of ATP, along with an active Na+/K+-activated ATPase, are 
required for the transport of these cations across the lens to maintain proper ionic balance. 
Interference with this active transport mechanism can result in increased sodium in the lens, disruption 
of the ionic balance between the lens and aqueous humor, and subsequent cataract formation. Because 
2,4-DNP uncouples oxidative phosphorylation but does not interfere with glycolysis in most tissues, 
oxidative phosphorylation may be more important in the lens epithelial cells of humans, rabbits, and 
domestic birds (e.g., chicks and ducklings), as these species appear to be more susceptible to cataract 
formation after 2,4-DNP exposure (Kuck 1970). In domestic birds, cataracts occur almost immediately 
after exposure to DNP and are reversible (Buschke 1947). However, in humans, cataracts can occur 
some time after treatment is terminated and may not be reversible. This phenomenon has not been 
fully explained. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in ocular effects. Ocular effects from exposure in the ambient environment 
are possible, based on limited information. However, exposure to 2,4-DNP at high workroom or 
environmental temperatures may increase human susceptibility. 
Body Weight Effects. Weight loss is a well-documented effect of exposure to 2,4-DNP in both 
humans and animals. In a case of occupational exposure (Perkins 1919), one of the earliest symptoms 
was weight loss to the point of excessive thinness after several months of exposure. Body weight loss 
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and metabolic effects are likely the most sensitive symptoms of exposure to 2,4-DNP. A LOAEL of 
1.2 mg/kg/day for body weight loss was identified in humans who took sodium 2,4-DNP for weight 
reduction for an average of 14 days (Tainter et al. 1935b). These patients were not losing weight at 
the time they began 2,4-DNP treatment and had been instructed to continue on the same diets as 
before treatment. The average weight loss was 0.43 kg/week. These 37 patients were part of a larger 
clinical trial of sodium 2,4-DNP involving 170 patients who ingested an average of 4.0 mg/kg/day for 
an average of 88 days (Tainter et al. 1935b). In this trial, the initial dose of 1.2 mg/kg/day was 
increased in small increments at intervals >1 week, and weight loss was shown to be dose related. 
Several additional experimental and clinical studies conducted at 3.2-4.3 mg/kg/day 2,4-DNP for 
acute-duration exposure (Cutting and Tainter 1933; Cutting et al. 1934; MacBryde and Taussig 1935) 
and intermediate-duration exposure durations (Cutting et al. 1934; Looney and Hoskins 1934; 
MacBryde and Taussig 1935; Simkins 1937a, b) provide results on body weight in good agreement 
with those obtained at the higher dosage levels in the study by Tainter et al. (1935b). 
Decreased body weight gain (18%) was observed in rats exposed for 6 months to 50 mg/kg/day 
(Spencer et al. 1948). Rats exposed via diet to 30 mg/kg/day 2,4-DNP for their lifetimes had final 
body weights 25% less than those of controls, while food consumption was similar to that of controls; 
no effect on body weights or food consumption was observed at doses ≤20 mg/kg/day (Tainter 1938). 
No change in body weight was observed in 3 male dogs fed 10 mg/kg/day in capsules for 6 months 
(Tainter et al. 1934b). Body weight loss (12%) was observed in bobwhite quail exposed to 2,4-DNP 
via diet (Dominguez et al. 1993) over 8 days at a dose of 56.1 mg/kg/day. Body weight was 
unaffected by a dose of 33.6 mg/kg/day. Birds on the 56.1 mg/kg/day dose had greatly decreased 
subcutaneous and visceral body fat. Chicks fed 2,4-DNP via diet showed a body weight gain 
reduction of approximately 13% at a dose of 77.9 mg/kg/day (Toyomizu et al. 1992). Doses of 
16.5 and 36.3 mg/kg/day had no effect on body weight gain. Thus, animals may be less sensitive to 
body weight changes produced by ingesting 2,4-DNP than humans are. No studies were located 
regarding body weight changes in animals exposed to 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in body weight effects associated with increased basal metabolic rates (e.g., 
body weight loss, increased body temperature). Body weight effects from exposure in the ambient 
environment are possible, based on limited information. However, exposure to 2,4-DNP at high 
workroom or environmental temperatures may increase human susceptibility. 
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Metabolic Effects. The characteristic effects of 2,4-DNP in humans are elevation of the basal metabolic 
rate (often measured indirectly as oxygen consumption), elevation of body temperature, and increased 
perspiration. These effects are related to the action of this chemical as an uncoupler of  oxidative 
phosphorylation and are well documented for oral exposure (during the use of 2,4-DNP and 
its sodium salt as weight reduction drugs). There is enough documentation from occupational 
exposure (Perkins 1919; Gisclard and Woodward 1946) to indicate these effects would occur 
regardless of route of exposure. The threshold for elevation of basal metabolic rate from ingested 
2,4-DNP has not been established for humans, but increases appear to start at ≈1-1.2 mg/kg/day, the 
level at which related effects, such as weight loss, also become apparent (Dunlop 1934; Tainter et al. 
1935b). Although not clearly established, increases in basal metabolic rate of 10% or less do not 
appear to be toxicologically significant and are not considered adverse. However, increases of 10% to 
29% result in increased body temperature that may be adverse; increases of 30% or more may result in 
severe pyrexia, and hence represent a serious adverse effect. 
Clear and striking increases in basal metabolic rate are seen at dose levels of ≈3-4.2 mg/kg/day 
(Castor and Beierwaltes 1956; Cutting and Tainter 1933; Cutting et al. 1934; Looney and Hoskins 
1934; MacBryde and Taussig 1935; Masserman and Goldsmith 1934; Simkins 1937a, 1937b; Tainter 
et al. 1935b). At these doses, effects on body weight are more marked, and symptoms of warmth and 
increased perspiration tend to become uncomfortable. Again, this is the case regardless of whether 
exposure is acute or intermediate in duration. Actual increases in body temperature did not become 
apparent in humans at single doses between 5 and 10 mg/kg, but increases ≥3 °C were seen with 
single doses >10 mg/kg (exact doses not specified) (Cutting et al. 1933). 
A number of toxic end points related to increased basal metabolic rate were reported in animals treated 
orally with 2,4-DNP, including increased body temperature and respiration rate. No studies were 
located regarding the effects related to increased basal metabolic rate in animals after inhalation or 
dermal exposure to 2,4-DNP. Studies regarding effects of 2,3-, 2,5-, 2,6-, 3,4-, and 3,5-DNP related to 
increased basal metabolic rate were limited to those exposing animals parenterally. 
Acute oral exposure to 2,4-DNP produced small increases in body temperature in dogs at doses as low 
as 10 mg/kg/day, with larger increases observed at 15 mg/kg/day (0.9-1.2 °C) and 20 mg/kg/day 
(0.7-2.5 °C) (Tainter and Cutting 1933a, 1933b). Dose-related changes in body temperature were 
observed in rats, rabbits, and dogs treated once parenterally with 2,4-DNP; the pyretic effects in dogs 
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following parenteral exposure to 2,4-DNP were similar in magnitude to those after oral administration 
of 2,4-DNP at similar exposure levels (Tainter and Cutting 1933a, 1933b). Thus, pyretic effects in 
acute studies in animals were observed at doses higher than those producing pyretic effects in humans. 
Intraperitoneal injection of the 6 DNP isomers to mice exposed to air at temperatures of 39-41 °C 
greatly increased lethality (as determined by LD50 values) of 2,4- and 2,6-DNP, compared to mice 
maintained at room temperature; the lethality of 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP did not change 
significantly (Harvey 1959). This suggests that mortality from 2,4- and 2,6-DNP results from the 
pyretic effects of those two isomers. Essentially no effect on body temperature was observed in 
pigeons injected once intramuscularly with 40 mg/kg 2,5-DNP (Tainter and Cutting 1933b). Similar 
treatment of pigeons with 2,6-DNP produced a dose-related large increase in body temperature; the 
pyretic effect of 2,6-DNP in pigeons was much less than that of 2,4-DNP (Tainter and Cutting 1933b). 
The pyretic effect of 2,4-DNP (and potentially 2,6-DNP) is related to the heat produced following 
uncoupling of oxidative phosphorylation from electron transport in mitochondria. 
Increased oxygen consumption (30-85%) was reported in rats receiving 110 mg/kg/day 2,4-DNP in the 
diet (Pugsley 1936). In rats injected intravenously with 6 mg/kg 2,4-DNP, oxygen consumption 
increased by ≈50% (Takehiro et al. 1979). In rats injected intraperitoneally with 2,4- and 2,5-DNP, 
oxygen consumption increased at 10 mg/kg (17%) and 100 mg/kg (23%), respectively; no increases in 
oxygen consumption were observed in rats injected intraperitoneally with 2,3-, 2,6-, 3,4-, or 3,5-DNP 
(Harvey 1959). In guinea pigs injected intraperitoneally with 20 mg/kg 2,4-, 2,6-, and 3,5-DNP, 
oxygen consumption increased by 37%, 13%, and 19%, respectively; no increases in oxygen 
consumption were observed in guinea pigs injected intraperitoneally with 2,3-, 2,5-, or 3,4-DNP 
(Harvey 1959). 
In animals, 2,4-DNP uncouples oxidative phosphorylation, resulting in increased basal metabolic rate 
and body temperature (Burke and Whitehouse 1967; Harvey 1959; Tainter 1938; Tainter and Cutting 
1933a, 1933b; Takehiro et al. 1979; Dominguez et al. 1993). Limited evidence from an in vitro study 
and parenteral administration to rats, mice, and guinea pigs indicates that 2,6-DNP may also uncouple 
oxidative phosphorylation, resulting in increasing basal metabolic rate and body temperature (Burke 
and Whitehouse 1967; Harvey 1959). Data from an in vitro study and parenteral studies in rats, mice, 
and guinea pigs regarding lethality, uncoupling of oxidative phosphorylation, and oxygen consumption 
suggest a similar mechanism of action for 3,5-DNP (Burke and Whitehouse 1967; Harvey 1959). In 
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another study, carbon dioxide output, oxygen consumption, and body temperature were measured in 
rats treated intraperitoneally with the six isomers of DNP (Cameron 1958). Only 2,4-DNP caused 
significant increases in all three measures. 3,4-DNP increased carbon dioxide output, but had no effect 
on oxygen consumption. 2,5-DNP decreased oxygen consumption, but had no effect on carbon 
dioxide output. 2,3-DNP, 2,6-DNP, and 3,5-DNP had no effect on either measurement. 2,3-DNP, 
2,5-DNP, and 2,6-DNP significantly decreased body temperature (by 2.3-4.7 °C). In dogs injected 
intravenously with 2,4-DNP, 2,5-DNP, or 2,6-DNP, all three isomers increased oxygen consumption 
and pulmonary ventilation, but 2,4-DNP had the most profound effects, followed by 2,6-DNP (Levine 
1977). Although 2,3-, 2,5-, and 3,4-DNP were shown to uncouple oxidative phosphorylation in vitro, 
the effects of these DNP isomers on basal metabolic rate in animals were not clear (Burke and 
Whitehouse 1967; Cameron 1958; Harvey 1959; Levine 1977). 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in metabolic effects associated with increased basal metabolic rates (e.g., 
body weight loss, increased body temperature). Metabolic effects from exposure in the ambient 
environment are possible, based on limited information. Exposure to 2,4-DNP at high workroom or 
environmental temperatures may increase human susceptibility. 
Other Systemic Effects. Two case reports described hearing impairment in patients taking 2,4-DNP 
for weight reduction. The hearing impairment was secondary to a reactive exudation in the middle ear 
in a woman who developed severe skin lesions over 100% of her body (Hitch and Schwartz 1936) or 
to congestion and inflammation of the pharynx (Dintenfass 1934), rather than to nerve impairment. 
Immunological and Lymphoreticular Effects. Dermal effects (urticarial and macro-papular rashes 
discussed in Section 2.2.2.2) have been reported in humans exposed to 2,4-DNP. A woman 
who developed a severe skin reaction over her entire body after ingesting 2,4-DNP had a mildly 
positive reaction to a 1:2 dilution and a negative reaction to a 1:10 dilution of 2,4-DNP in a contact 
skin test (Beinhauer 1934). Three subjects testing negative for dermal sensitization to 2,4-DNP 
developed a strong urticarial skin reaction following oral administration of the compound, but had no 
recurrence when they resumed dosing (Matzger 1934). Other studies have noted that some patients 
who experienced dermal effects were able to resume treatment with no further difficulties and, in 
some, the rash disappeared while they were still in treatment (Bortz 1934; Tainter et al. 1935b). Patch 
tests, scratch tests, intradermal tests, and passive transfer tests with 2,4-DNP were performed on 
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158 people, 117 of whom had hay fever, asthma or urticaria (Matzger 1934). All four tests were 
negative. This evidence argues against dermal sensitization as a mechanism for the dermal effects. 
No evidence exists for skin reactions in animals exposed to 2,4-DNP by non-dermal routes. No gross 
or histological evidence of treatment-related damage to the spleen, bone marrow, or lymph nodes was 
reported following long-term treatment of rats via the diet or dogs via capsules at 50-60 and 
10 mg/kg/day 2,4-DNP, respectively (Spencer et al. 1948; Tainter et al. 1934b). 
Agranulocytosis was reported in several patients who took 2,4-DNP as diet pills. Reports of these 
cases are discussed above under Hematological Effects. 
No studies were located regarding immunological effects in humans or animals after any route of 
exposure to DNP isomers other than 2,4-DNP. 
Neurological Effects. 2,4-DNP appears to affect both the central and peripheral nervous systems. 
Symptoms of central nervous toxicity, such as fatigue and agitation, have been experienced in people 
occupationally exposed to 2,4-DNP (Gisclard and Woodward 1946; Perkins 1919). In some workers 
who died, coma or collapse preceded death. Symptoms of central nervous toxicity (headache, 
weakness, extreme fatigue, dizziness, euphoria, irrationality, confusion, stupor) have also been 
experienced by some people who ingested 2,4-DNP for acute to chronic durations (Dintenfass 1934; 
Goldman and Haber 1936; Imerman and Imerman 1936; Masserman and Goldsmith 1934; Poole and 
Haining 1934). Coma usually preceded death in fatal cases (Goldman and Haber 1936; Masserman 
and Goldsmith 1934; Poole and Haining 1934). Autopsy of a woman who died after ingesting 
7 mg/kg/day for 5 days revealed hyperemia of the spinal cord, pons, and medulla, and degeneration of 
ganglion cells (Poole and Haining 1934). However, no pathological lesions were found in the cortex, 
medulla, cerebellum, pons, or spinal cord of a young girl who became unconscious and died after 
taking 1.03 mg/kg/day for 46 days (Goldman and Haber 1936). In psychiatric patients with clinical 
depression, administration of 2,4-DNP resulted in no psychological changes in some patients, an 
increase in depression in other patients, but an increase in alertness and decreased depression in still 
others (Masserman and Goldsmith 1934). 
Peripheral neuritis, which is characterized by sensations of numbness, “pins and needles,” heat or cold, 
heightened sensation of pain, loss of taste, and numbness or tingling of the tongue, has been described 
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in patients taking 2,4-DNP orally at therapeutic doses for weight reduction for acute to intermediate 
durations (Anderson et al. 1933; Bortz 1934; Epstein and Rosenblum 1935; Hunt 1934; Nadler 1935; 
Simkins 1937a, 1937b). Doses at which peripheral neuritis was observed ranged from 1.86 to 
3.53 mg/kg/day 2,4-DNP. The lowest dose associated with neuritis occurred in a patient who had 
ceased taking 2,4-DNP eight months earlier (Hitch and Schwartz 1936). Some of the people who 
experienced loss of taste recovered this sense while dosing continued (Simkins 1937a, 1937b), 
suggesting the development of tolerance, but the mechanism is unknown. The arthritic-like pains 
experienced by some patients (see Musculoskeletal Effects) may be related to the development of 
peripheral neuritis (Nadler 1935). Symptoms of sensory peripheral neuritis were observed in 18 of 
170 obese patients who ingested an average of 4 mg/kg/day 2,4-DNP from sodium 2,4-DNP for an 
average of 88 days, but not in those ingesting the sodium salt of 2,4-DNP at an estimated dose of 
1.2 mg/kg/day 2,4-DNP for an average of 14 days (Tainter et al. 1935b). 
No adequate animal studies testing for neurological end points were located. Pregnant mice treated by 
gavage with 38.3 mg/kg/day 2,4-DNP during gestation displayed hyperexcitability (Gibson 1973). 
Dogs (3 per dose group) exposed via capsules to 5 or 10 mg/kg/day 2,4-DNP for 6 months 
had no gross or histological evidence of brain or spinal cord damage (Tainter et al. 1934b). 
No studies were located regarding neurological effects in humans or animals after any route of 
exposure to DNP isomers other than 2,4-DNP. 
It is not known whether current workroom levels of 2,4-DNP or levels around hazardous waste sites 
are high enough to result in neurological effects. Neurological effects from exposure in the ambient 
environment seem unlikely, based on limited information. 
Reproductive Effects. No studies were located regarding reproductive effects in humans after 
inhalation or dermal exposure to any isomer of DNP. Three case reports and a clinical study of 
women taking 2,4-DNP orally for weight reduction suggest that 2,4-DNP may affect the female 
reproductive system (Beinhauer 1934; Epstein and Rosenblum 1935; Goldman and Haber 1936; 
Simkins 1937a, 1937b), but this limited information is inconclusive. Autopsy of a 13-year-old girl 
who died revealed a small and infantile uterus and numerous follicular cysts in the ovary; menses had 
not yet begun (Goldman and Haber 1936). In addition, physical examination of a woman revealed 
fibroid degeneration of the uterus and a cystic left ovary (Beinhauer 1934). Whether these were 
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preexisting conditions is not known. A miscarriage (Epstein and Rosenblum 1935) and altered 
menstrual cycles (Simkins 1937a, 1937b) were attributed to the ingestion of 2,4-DNP. 
No adequate animal studies testing for reproductive end points were located. However, no gross or 
histological evidence of treatment-related damage to testes was reported following long-term treatment 
of rats via the diet up to 50 mg/kg/day (Spencer et al. 1948) or dogs via capsules at 50-60 and 
10 mg/kg/day 2,4-DNP (Tainter 1938; Tainter et al. 1934b). Testicular atrophy was noted in rats 
receiving 350 mg/kg/day (Spencer et al. 1948). This finding is questionable, however, because the rats 
appeared to be starving. 
No studies were located regarding reproductive effects in animals after inhalation or dermal exposure 
to 2,4-DNP or after any route of exposure to the other isomers of DNP. Information is insufficient to 
predict whether reproductive effects could occur in humans exposed to 2,4-DNP under any exposure 
scenario. 
Developmental Effects.  No studies were located regarding developmental effects of any DNP 
isomer in humans. 
Increased incidence of stillborn pups and pup mortality during lactation was reported in rats treated by 
gavage with at least 20 mg/kg/day, prenatally for 8 days, throughout gestation, and during lactation 
(Wulff et al. 1935). Evidence of developmental toxicity was reported in rats injected subcutaneously 
(decreased fetal weight and length, more early resorptions) (Goldman and Yakovac 1964), and mice 
injected intraperitoneally (decreased fetal weight and length) (Gibson 1973) with 2,4-DNP. Two oral 
gavage studies reported no developmental toxicity at exposure levels producing maternal toxicity; these 
studies were inadequate with respect to experimental protocol or reporting of protocol and results 
(Gibson 1973; Kavlock et al. 1987). 
No studies were located regarding developmental effects in animals after inhalation or dermal exposure 
to 2,4-DNP or after any route of exposure to the other isomers of DNP. Information is insufficient to 
predict whether developmental effects could occur in humans exposed to 2,4-DNP under any exposure 
scenario. 
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Genotoxic Effects.  No studies were located regarding genotoxicity in humans after exposure to 
2,4-DNP. 
2,4-DNP has been tested for genotoxicity in several in viva and numerous in vitro test systems; 2,3-, 
2,5-, 2,6-, 3,4-, and 3,5-DNP were tested in vitro for mutagenicity (see Tables 2-3 and 2-4). Two 
studies assessed the effects of 2,4-DNP administered once by gavage on DNA synthesis in testicular 
cells (Friedman and Staub 1976; Seiler 1981). In one study, the rate of DNA synthesis in mice treated 
with 20 mg/kg 2,4-DNP was essentially the same as that of untreated mice. The authors concluded 
that 2,4-DNP was not genotoxic under these experimental conditions (Friedman and Staub 1976). In 
another study, DNA synthesis (as determined by the ratio of the rate of uptake of tritiated thymidine 
injected 3 hours after drug administration to the rate of uptake of 14C-thymidine injected 16 hours 
before drug administration) in testicular cells of mice treated with 30 mg/kg 2,4-DNP was 55% less 
than that of untreated mice (Seiler 1981). Based on further in vitro experiments, the author suggested 
that the inhibition of DNA synthesis by 2,4-DNP was due to some other mechanism than genotoxicity, 
probably produced by 2,4-DNP-induced suppression of cellular metabolism and, therefore, DNA 
synthesis. Mice were injected intraperitoneally with 0.25, 0.50, and 1 mL of a saturated solution of 
2,4-DNP, then sacrificed 24 hours posttreatment for analysis of bone marrow cells for chromosomal 
aberrations (Mitra and Manna 1971). A dose-related increase in percentage of these aberrations was 
observed. The authors concluded that 2,4-DNP was clastogenic under the assay conditions and 
attributed the effect to the compound’s electrophilic properties. No studies were located regarding in 
vivo testing for genotoxicity after exposure to 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP. 
In in vitro studies of prokaryotic organisms, 2,4-DNP was negative for reverse mutations using one or 
more standard stains of S. typhimurium (TA98, TA100, TA1530, TA1535, TA1537, TA1538, G46, 
C7036, D3052) with and/or without metabolic activation by rat liver S9 microsomes (Anderson and 
Styles 1978; Chiu et al. 1978; De Flora 1981; Garner and Nutman 1977; Kleinhofs and Smith 1976; 
Probst et al. 1981). For reverse mutation, a weakly positive response was observed in Salmonella 
strains TA98 and TA100 without metabolic activation; with metabolic activation, 2,4-DNP was 
negative (Kawai et al. 1987). The negative results for mutagenicity of 2,4-DNP with S9 are surprising 
in light of the fact that the two major metabolites of 2,4-DNP (2-amino-4-nitrophenol and 4-amino-
2-nitrophenol) are genotoxic in several test systems (see Toxicity of Dinitrophenol Metabolites below). 
The S9 fraction contains both microsomal and soluble enzymes that metabolize 2,4-DNP to amino 
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nitrophenols (Eiseman et al. 1972). However, 2,4-DNP metabolism requires ATP; unless the S9 
fraction contains an ATP regenerating system, 2,4-DNP may not be metabolized. 
Among the other DNP isomers, 2,3- and 2,5-DNP were positive for reverse mutations in the TA98 and 
TAl00 strains of S. typhimurium with or without metabolic activation; 2,6-DNP was negative in both 
strains with or without metabolic activation; and 3,4-DNP was negative in TA98 and positive in 
TAl00 both with and without metabolic activation (Kawai et al. 1987). 
Using Esherichia coli as the test organism, 2,4-DNP was negative for reverse mutation in the Wp2 
and Wp2(uvrA-) strains with and without metabolic activation (Probst et al. 1981). Positive results for 
mutagenicity were reported for reverse mutation in the B/Sd-4/1,3,4,5 and B/Sd-4/3,4 strains of E. 
coli without metabolic activation (Demerec et al. 1951). The authors concluded that 2,4-DNP was 
clearly positive for mutagenicity; however, the data appeared unreliable, based on extreme variation in 
survival and mutation rates within exposure groups. 
In in vitro studies, 2,4-DNP generally did not produce DNA damage in prokaryotic or eukaryotic 
organisms. 2,4-DNP was negative for DNA damage in the TA1535/pSK1002 strain of S. typhimurium 
(as determined by induction of the SOS response) with and without metabolic activation (Nakamura et 
al. 1987); in the K12(λ) strain of E. coli (as determined by phage induction) without metabolic 
activation (Heinemann and Howard 1964); in rat hepatocytes (as determined by unscheduled DNA 
synthesis) (Probst et al. 1981); and in Chinese hamster ovary cells (as determined by alkali elution) 
with or without metabolic activation (Swenberg et al. 1976). One study reported increases in DNA 
damage (as determined by alkali elution) in mouse leukemia L1210 cells and human HeLa cells 
(Hilton and Walker 1977); however, the observed effects were related to depletion of ATP pools, and 
the removal of the 2,4-DNP allowed for repletion of the pools and repair of DNA damage. 
Based on the weight of evidence presented, 2,4-DNP was negative for DNA damage, either with or 
without metabolic activation. 
Numerous in vitro studies reported decreased DNA synthesis and/or changes in the mitotic index in 
mammalian cells exposed to 2,4-DNP (Garrett and Lewtas 1983; Gautschi et al. 1973; Ghosh et al. 
1989; Miyagawa 1977; Richard et al. 1991; Tsuda 1974). Typically, large decreases in ATP and/or 
protein synthesis were also observed. Because a primary effect of 2,4-DNP in cells is to uncouple 
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oxidative phosphorylation, cellular processes dependent on production of ATP by oxidative 
phosphorylation likely will be adversely affected by the actions of 2,4-DNP. DNA synthesis depends, 
to some extent, on ATP. Thus, assessing this end point as an indicator of genotoxicity may lead to 
“false positives” for genotoxicity. In these studies, the effects of 2,4-DNP on mitosis and/or DNA 
synthesis were related to lower ATP levels in cells exposed to 2,4-DNP, resulting in decreases in 
energy-dependent processes, including mitosis and DNA synthesis (Garrett and Lewtas 1983; Gautschi 
et al. 1973; Ghosh et al. 1989; Miyagawa 1977; Richard et al. 1991; Tsuda 1974). Thus, these 
changes probably do not indicate a positive response for genotoxicity. 
No data show unequivocally that 2,4-DNP is genotoxic. The positive results of some of the DNA tests 
may reflect its cytotoxicity (decreased cellular metabolic rate). 
Cancer. No studies were located regarding cancer in humans after exposure to any DNP isomer. 
No studies were located regarding cancer in animals after inhalation or oral exposure to any isomer of 
DNP. Two skin painting studies in female mice using DMBA as an initiator reported that 2,4-DNP 
was clearly not effective as a tumor promotor (Boutwell and Bosch 1959; Stenback and Garcia 1975); 
in one of the studies, the authors concluded that the introduction of nitro groups into the phenol ring 
destroyed the promoting effect of phenol. 
Thus, 2,4-DNP has not been adequately tested for carcinogenicity in animals, and no studies were 
located regarding carcinogenicity in animals exposed to the other DNP isomers. 
Toxicity of Dinitrophenol Metabolites.  Since dinitrophenols are metabolized in the body 
(Davidson and Shapiro 1934; Eiseman et al. 1972; Gisclard and Woodward 1946; Okino and Yasukura 
1957; Perkins 1919; Robert and Hagardorn 1985), exposure to DNPs also results in exposure to DNP 
metabolites. While information on the metabolism of DNPs is limited to 2,4-DNP, it is likely that the 
metabolism of the other DNP isomers would also be carried out by a nitroreductase and result in 
aminonitrophenols and diaminophenols. Table 3-3 in Chapter 3 lists the parent DNPs and their likely 
metabolites. 
No studies were located regarding human toxicity for any DNP metabolite. Toxicity information in 
animals and genotoxicity studies are available for three DNP metabolites that are used in hair dye 
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formulations (IARC 1993a, 1993b; NCI 1978; NTP 1988a, 1988b): 2-amino-4-nitropheno1, 4-amino-
2-nitrophenol, and 2-amino-5nitrophenol (a potential metabolite of 2,5-DNP). Only genotoxicity 
information is available for 2,4-diaminophenol. This information will be summarized below; readers 
needing more information are advised to consult the listed references. Genotoxicity information is 
summarized in Tables 2-5 and 2-6. 
The LD50 of 2-amino-4-nitrophenol has been reported to be 2,400 mg/kg body weight in rats after oral 
administration (Lloyd et al. 1977). The toxicity of 2-amino-4-nitrophenol was studied by corn oil 
gavage 5 days per week in Fischer 344/N rats and B6G3Fl mice of each sex for 15 days, 13 weeks, 
and 2 years (NTP 1988a). During the 15-day study all rats and mice administered 5,000 or 
2,500 mg/kg 5 days a week, and all female rats and mice plus 2 of 5 male mice administered 
1,250 mg/kg 5 days a week died before the completion of the study. One of 5 female mice 
administered 313 mg/kg 5 days a week died before the end of the study. Although the final mean 
body weights of surviving rats and mice were comparable to vehicle controls, diarrhea was observed in 
all groups of treated rats except those administered 313 mg/kg 5 days a week, the lowest dose in the 
study. In the 13-week study, all rats receiving 1,000 mg/kg 5 days a week, and 2 of 10 males and 
2 of 10 female rats receiving 500 mg/kg 5 days a week, died before completion of the study. All 
male and most female mice administered 500 mg/kg 5 days a week died. A 10% reduction in final 
mean body weight of the male rats administered 500 mg/kg 5 days a week was observed. Diarrhea 
and lethargy were reported in rats administered 500 or 1,000 mg/kg 5 days a week. Other effects at 
these doses were mineralization of the renal cortex and degeneration of the renal tubular epithelium. 
In the 2-year study, survival of male rats receiving 250 mg/kg 5 days a week was much lower than the 
vehicle control survival, while the female rat and mouse survival in both sexes was comparable to 
control. An 8-10% reduction in body weight in male rats and a 17% increase in body weight in 
female mice were observed. Soft stools, occasional diarrhea, and pigmentation of the small and large 
intestine were detected in all rats. Male rats had a higher incidence of nephropathy, digestive ulcers, 
and erosive lesions of the gastrointestinal tract. 
2-Amino-4-nitrophenol was mutagenic in Salmonella typhimurium strain TA98 both with and without 
metabolic activation (Shahin et al. 1982; Zeiger et al. 1987), and in strain TA1538 with and without 
activation (Ames et al. 1975; Garner and Nutman 1977; Shahin et al. 1982). 2-Amino-4-nitrophenol 
was not mutagenic in strains TAl00, TA1535, and TA1537, both with and without activation (Shahin 
et al. 1982; Zeiger et al. 1987). Results for 2-amino-4-nitrophenol were equivocal in a test of phage 
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induction in E. Coli without activation (Kvelland 1985). 2-Amino-4-nitrophenol was mutagenic in the 
neurospora Sorduriu brevicollis (Yu-Sun et al. 1981) without activation. In eukaryotic cells, 2-amino­
4-nitrophenol was mutagenic without activation in mouse lymphoma L5178Y cells (NTP 1988a) and 
caused chromosomal aberrations and sister chromatid exchange in Chinese hamster ovary cells both 
with and without activation (Anderson et al. 1990; NTP 1988a). 2-Amino-4-nitrophenol was negative 
in a dominant lethal mutation test after intraperitoneal administration to rats (Burnett et al. 1977). 
A 2-year carcinogenesis study has been conducted where Fischer 344/N rats and B6C3Fl mice of each 
sex received 0, 125, or 250 mg/kg body weight 2-amino-4-nitrophenol by gavage 5 days a week (NTP 
1988a). Colon carcinoma in a male rat receiving 250 mg/kg 5 days a week was reported; however, no 
other digestive tract neoplasms were detected. Renal tubular cell hyperplasia and renal cortical 
adenomas also occurred in male rats. Low-dose male rats had a higher incidence of preputial gland 
adenomas or carcinomas than the vehicle controls. The incidence of clitoral gland neoplasms was 
decreased in female rats. Evidence for carcinogenicity was described as “some evidence” for male rats 
and “no evidence” for female rats and both sexes in mice. 
4-Amino-2-nitrophenol was administered in the diet to groups of 5 Fischer 344/N rats of both sexes at 
doses of 0-6,810 ppm (0-540 mg/kg/day) and to groups of 5 B6C3Fl mice of both sexes at doses of 
0-4,640 ppm (0-788 mg/kg/day) for 6 weeks (NCI 1978). There were no deaths in the rats or mice, 
nor were there any changes in the mean body weights of the dosed animals in comparison with 
controls, other than an approximate 20% weight depression in female rats fed concentrations of 
3,160 ppm (253 mg/kg/day) or greater. No gross pathologic changes were noted. In rats and mice 
given feed containing 1,250 or 2,500 ppm (100 or 200 mg/kg/day) 4-amino-nitrophenol for 2 years, 
mean body weights and survival were not affected by the test chemical (NCI 1978). Deposition of 
pigment occurred in the lamina propria of the small intestine in over 90% of the rats and the mice, but 
did not occur in control animals. 
Commercial grade 4-amino-2-nitrophenol was reported to be mutagenic in 3. typhimurium strains 
TA98 and TA1538 with and without activation (Garner and Nutman 1977). Highly purified 4-amino­
2-nitrophenol was not mutagenic in strains TA98, TAl00, TA1535, TA1537, or TA1538 (Shahin et al. 
1982), leading the authors to conclude that the mutagenic activity of the commercial grade was due to 
a contaminant. However, in other studies, highly purified 4-amino-2-nitrophenol was mutagenic with 
and without activation in strains TA97 and TA98 (Zeiger et al. 1987). 4-Amino-2-nitrophenol also 
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caused forward mutations at the TK locus in mouse lymphoma L5178Y cells with and without 
activation (Mitchell et al. 1988). 4-Amino-2-nitrophenol was negative when administered 
intraperitoneally in a dominant lethal mutation study (Burnett et al. 1977) and did not induce 
unscheduled DNA synthesis in Fischer 344 rat primary hepatocyte cultures (Williams et al. 1982). 
In rats and mice receiving feed containing 1,250 ppm and 2,500 ppm (100 and 200 mg/kg/day) 
4-amino-2-nitrophenol (NCI 1978), male Fischer 344/N rats had a statistically significant increase of 
transitional-cell carcinomas of the urinary bladder over control rats. Carcinomas of the bladder also 
occurred in one low-dose female and two high-dose female rats but in none of the control group. In 
B6C3Fl mice, no tumors occurred in dosed groups of males or females at incidences that were 
significantly higher than the control group. 
The LD50 of 2-amino-5-nitrophenol in rats has been reported to be greater than 4,000 mg/kg body 
weight by oral administration (Burnett et al. 1977). During 16-day studies (NTP 1988b), groups of 
5 Fischer 344/N rats of each sex received doses ranging from 0 to 2,500 mg/kg 5 days a week and 
groups of 5 B6C3Fl mice of each sex received doses ranging from 0 to 5,000 mg/kg 5 days a week 
by gavage in corn oil. A dose-related reduction of survival was observed in the female mice. In 
13-week studies, groups of 10 Fischer 344/N rats and 10 B6C3Fl mice received doses ranging from 0 
to 1,600 mg/kg 5 days a week. A dose-related reduction in survival was observed in the rats. Rats 
receiving 400-1,600 mg/kg 5 days a week and mice receiving 1,600 mg/kg 5 days a week had acute 
and chronic perivasculitis of the vessels of the caecum and the colon. In 2-year studies using the same 
doses as the 13-week study, acute and chronic inflammation of the caecum and colon were observed in 
low- and high-dose male rats, high-dose female rats, and high-dose male mice. This inflammation was 
accompanied by the accumulation of an orange, granular pigment in the submucosa of the intestine. 
Focal ulceration of the intestinal mucosa was often present. 
In a phage induction test for mutagenicity in E. coli, 2-amino-5-nitrophenol was mutagenic without 
activation (Kvelland 1985). In Salmonella typhimurium, 2-amino-5-nitrophenol was mutagenic in 
strain TA98 with and without activation (Chiu et al. 1978; Shahin et al. 1982; Zeiger et al. 1987); 
negative or equivocal in strain TA100 without activation, and negative or equivocal with activation 
(Chiu et al. 1982; Shahin et al. 1982; Zeiger et al. 1987); positive or negative in strain TA1535 
without activation (Shahin et al. 1982; Zeiger et al. 1987) and negative with activation (Shahin et al. 
1982; Zeiger et al. 1987); positive or weakly positive in strain TA1537 with and without activation 
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(Shahin et al. 1982, Zeiger et al. 1987); and positive in strain TA1538 with and without activation 
(Ames et al. 1975; Shahin et al. 1982). 2-Amino-5-nitrophenol was also mutagenic in the mouse 
lymphoma L5178Y cell mutation test without activation (NTP 1988b) and caused sister chromatid 
exchange and chromosomal aberrations in Chinese hamster ovary cells with and without activation. 
2-Amino-5-nitrophenol was negative in a dominant lethal mutation test in CD rats given the test 
chemical intraperitoneally (Burnett et al. 1977). 
In 2-year studies conducted by the National Toxicology Program (NTP 1988b), male Fischer 344/N 
rats receiving 100 mg/kg 2-amino-5-nitrophenol 5 days a week had an increase in pancreatic cell 
adenomas. Female rats dosed at 0, 100, and 200 mg/kg 5 days a week showed no evidence of 
carcinogenicity, as did mice of both sexes dosed at 0, 400, and 800 mg/kg 5 days a week. Evidence 
of carcinogenicity was judged to be “some evidence” for male rats and “no evidence” for female rats 
and both sexes of mice (NTP 1988b). 
2,4-Diaminophenol was reported to be mutagenic only with activation in S. typhimurium strain 
TA1538 (Dybing and Thorgeirsson 1977). Another report (Kawai eta 1. 1987) stated that 2,4­
diaminophenol was mutagenic, but did not produce further information. 
Little information on the toxicokinetics of DNP metabolites is available. 4-Amino-2-nitrophenol in an 
acetone vehicle was rapidly absorbed through monkey skin (Bronaugh and Maibach 1985). 2-Amino­
4-nitrophenol in mixtures resembling hair dye formulations was only slowly absorbed through rat skin 
(Hofer et al. 1982). 
The DNP metabolites for which toxicity information is available appear to have much lower systemic 
toxicity than 2,4-DNP. This is most likely due to the fact that they are much less potent for 
uncoupling oxidative phosphorylation than 2,4-DNP. However, while 2,4-DNP is metabolized to 
compounds with lower systemic toxicity, the aminonitrophenols produced are mutagenic in test 
systems and show some evidence of carcinogenicity in chronic-duration tests in rats and mice. These 
data are difficult to reconcile with the generally negative results obtained with 2,4-DNP with S9 
activation since the S9 fraction contains both microsomes and the soluble enzymes that metabolize 
2,4-DNP to the aminonitrophenols (Eiseman et al. 1972). The generally negative results for 
genotoxicity of 2,4-DNP in test systems where metabolic activation was present may be related to the 
dependence of 2,4-DNP reduction on ATP. 2,4-DNP metabolism requires ATP; unless the S9 fraction 
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contains an ATP-regenerating system, 2,4-DNP may not be metabolized. There are no chronic-duration 
studies in animals treated with 2,4-DNP that have assessed carcinogenicity. It appears unlikely that 
exposure to DNP metabolites as a result of exposure to 2,4-DNP would cause systemic effects. It is not 
known whether metabolites of 2,4-DNP are genotoxic or can cause cancer in humans.  2-Amino-4-
nitrophenol and 2-amino-5-nitrophenol have been designated as “not classifiable as to their 
carcinogenicity to humans” (IARC 1993a, 1993b). 
2.5 BIOMARKERS OF EXPOSURE AND EFFECT 
Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They 
have been classified as markers of exposure, markers of effect, and markers of susceptibility 
(NAS/NRC 1982). 
Due to a nascent understanding of the use and interpretation of biomarkers, implementation of 
biomarkers as tools of exposure in the general population is very limited. A biomarker of exposure is 
a xenobiotic substance or its metabolite(s), or the product of an interaction between a xenobiotic agent 
and some target molecule(s) or cell(s) that is measured within a compartment of an organism (NRC 
1989). The preferred biomarkers of exposure are generally the substance itself or substance-specific 
metabolites in readily obtainable body fluid(s) or excreta. However, several factors can confound the 
use and interpretation of biomarkers of exposure. The body burden of a substance may be the result 
of exposures from more than one source. The substance being measured may be a metabolite of 
another xenobiotic substance (e.g., high urinary levels of phenol can result from exposure to several 
different aromatic compounds). Depending on the properties of the substance (e.g., biologic half-life) 
and environmental conditions (e.g., duration and route of exposure), the substance and all of its 
metabolites may have left the body by the time samples can be taken. It may be difficult to identify 
individuals exposed to hazardous substances that are commonly found in body tissues and fluids (e.g., 
essential mineral nutrients such as copper, zinc, and selenium). Biomarkers of exposure to DNPs are 
discussed in Section 2.5.1. 
Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within 
an organism that, depending on magnitude, can be recognized as an established or potential health 
impairment or disease (NAS/NRC 1982). This definition encompasses biochemical or cellular signals 
of tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital 
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epithelial cells), as well as physiologic signs of dysfunction such as increased blood pressure or 
decreased lung capacity. Note that these markers are not often substance specific. They also may not 
be directly adverse, but can indicate potential health impairment (e.g., DNA adducts). Biomarkers of 
effects caused by DNPs are discussed in Section 2.5.2. 
A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism’s 
ability to respond to the challenge of exposure to a specific xenobiotic substance. It can be an 
intrinsic genetic or other characteristic or a preexisting disease that results in an increase in absorbed 
dose, a decrease in the biologically effective dose, or a target tissue response. If biomarkers of 
susceptibility exist, they are discussed in Section 2.7, Populations That Are Unusually Susceptible. 
2.5.1 Biomarkers Used to Identify or Quantify Exposure to Dinitrophenols 
2,4-DNP and its metabolites have been detected or measured in blood, urine, and tissues of humans 
and animals (Davidson and Shapiro 1934; Gehring and Buerge 1969b; Gisclard and Woodward 1946; 
Kaiser 1964; Lawford et al. 1954; Parker 1952; Perkins 1919; Robert and Hagardorn 1983, 1985). 
The predominant compounds in blood and urine appear to be unchanged 2,4-DNP, 2-amino-4-
nitrophenol, and a small amount of 4-amino-2-nitrophenol. Systematic attempts to correlate levels of 
2,4-DNP or its metabolites in blood or urine with exposure levels have not been made. Observations 
in the French munitions industry in 1917-1918 suggested that the presence and amount of 2-amino-4-
nitrophenol in the urine, as indicated by a color test (Derrien test) (Perkins 1919), could be used as a 
rough indicator of intensity of exposure (Tainter et al. 1934a), but the test lacked specificity. This test 
is still listed as diagnostic for 2,4-DNP intoxication (Duke Poison Control Center 1995), although no 
reports of its clinical use in recent years were located in the literature. m-Dinitrobenzene is 
metabolized to 2-amino-4-nitrophenol (Parke 1961) and would also give a positive Derrien test. The 
total amount or concentration of 2,4-DNP and its principal metabolite(s) would probably be a better 
indicator of exposure than either alone; however, this requires specialized laboratory measurement. 
2,4-Dinitroanisole is metabolized in the body to 2,4-DNP. The possibility of 2,4-dinitroanisole 
exposure should be considered if 2,4-DNP is found in blood or urine (Hayes 1982). 
Yellow staining of the skin or sclera rarely occurs with 2,4-DNP (in contrast with 4,6-dinitro-o-cresol) 
and is due to the color of 2,4-DNP. 
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The other DNP isomers have also been monitored in blood in animal studies (Harvey 1959) and could 
potentially be used to quantify exposure to those isomers. 
2.5.2 Biomarkers Used to Characterize Effects Caused by Dinitrophenols 
It is well established from human studies that 2,4-DNP exposure increases the basal metabolic rate, 
causes increased perspiration, a sensation of warmth, weight loss and, at higher levels, increases the 
pulse, respiratory rate, and body temperature (Castor and Beierwaltes 1956; Cutting et al. 1934; 
Gisclard and Woodward 1946; Looney and Hoskins 1934; MacBryde and Taussig 1935; Perkins 1919; 
Tainter et al. 1935b). The increase in basal metabolic rate and the weight loss may be fairly sensitive 
indices of the profound metabolic disturbances caused by 2,4-DNP. Other chemicals like 2,4-DNP 
that uncouple oxidative phosphorylation (e.g., 4,6-dinitro-o-cresol) also increase the basal metabolic 
rate and cause weight loss in humans. Amphetamines and heat stress can also mimic the effects of 
2,4-DNP. 
No studies correlating blood or urine levels of 2,4-DNP and its metabolites with toxic effects in 
humans were located. Higher levels of 2,4-DNP were found in the aqueous and vitreous humor and 
lens of animals susceptible to 2,4-DNP cataractogenesis; elimination from serum of nonsusceptible 
animals was more rapid than from that of susceptible animals (Gehring and Buerge 1969b). As 
cataracts develop in some humans exposed to 2,4-DNP and can lead to blindness (Horner 1942), the 
appearance of lens opacities can serve as an early warning that more serious cataracts could eventually 
develop. 
In one study in humans, an increase in galactose tolerance and in phenoltetraiodophthalein retention 
(indicating impaired liver function) was seen at an oral dose of 4.3 mg/kg/day 2,4-DNP for acute- or 
intermediate-exposure durations (MacBryde and Taussig 1935). 
Additional information regarding biomarkers for effects can be found in OTA (1990) and 
CDC/ATSDR (1990). A more detailed discussion of the health effects caused by 2,4-DNP can be 
found in Section 2.2 of Chapter 2. 
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2.6 INTERACTIONS WITH OTHER SUBSTANCES 
The belief that alcoholics are more susceptible to the toxicity of 2,4-DNP during occupational 
exposure (Perkins 1919) may indicate an interaction with ethanol (and possibly other alcohols) or it 
may simply be a function of the compromised physiological state of alcoholics. 2,4-DNP appears to 
markedly increase the rate of ethanol metabolism in rat liver slices by 100-160% (Videla and Israel 
1970) and in rats in vivo by 20-30% (Israel et al. 1970). Because 2,4-DNP uncouples mitochondrial 
electron transport from oxidative phosphorylation, the oxidation of NADH to NAD+ is accelerated in 
the mitochondria. Reoxidation of NADH rather than the activity of alcohol dehydrogenase is the rate-
limiting step in the metabolism of ethanol, and, therefore, the metabolic effect of 2,4-DNP enhances 
the clearance of ethanol (Eriksson et al. 1974). Because 2,4-DNP is known to augment the rate of 
respiration and perspiration, ≈2.7-8.2% of the initial dose of ethanol was also eliminated by expiration 
and cutaneous evaporation in the rat (Israel et al. 1970). 
In an attempt to determine the best treatment regimen for mice given intraperitoneal doses of 
4,6-dinitro-o-cresol (DNOC), which, like 2,4-DNP, uncouples oxidative phosphorylation and is 
hyperthermic, the effect of hypothermic dinitrophenols (i.e., 2,3-DNP, 2,5-DNP, and 3,4-DNP) on the 
lethality of DNOC was studied (Harvey 1959). At a dose of 10 mg/kg, DNOC itself resulted in 100% 
mortality. When the hypothermic DNPs were given immediately after DNOC, mortality was 60% 
after 2,3-DNP, 100% after 2,5-dinitrophenol, and 50% after 3,4-dinitrophenol. 2,4-DNP, which, like 
DNOC, is hyperthermic, afforded no protection of the mice. 
In isolated perfused rat livers, 2,4-DNP caused a depletion of the mitochondrial calcium pool, without 
altering the extramitochondrial calcium pool (Kleineke and Ming 1985). Because 2,4-DNP uncouples 
oxidative phosphorylation from electron transport by dissipating the electrochemical potential, which 
provides the energy for the accumulation of calcium in the mitochondrial matrix, only the calcium 
pool in the mitochondria was affected. 2,4-DNP also caused a rapid increase in NAD, along with a 
decrease in NADH, a rapid decrease in protein thiol content, but only a slow decrease in nonprotein 
thiol (e.g., reduced glutathione [GSH]), and an increase in cytoplasmic calcium concentration in 
isolated rat intestinal cells (Nishihata et al. 1988a). This DNP-induced protein thiol loss and/or 
increase of cytoplasmic calcium concentration induced cell rounding and decreased cell viability. 
Incubation of salicylate and 2,4-DNP with intestinal cells caused a reduction in the 2,4-DNP-induced 
increase in cytosolic free calcium concentration by complexation, which facilitated the release of 
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calcium from cells. Salicylate also inhibited DNP-induced cell rounding and increased cell viability in 
the small intestine. 
Salicylate (aspirin), which also uncouples oxidative phosphorylation in mitochondrial preparations 
(although at much higher concentrations than 2,4-DNP) (Brody 1956), partially inhibited a protein 
thiol loss induced by 2,4-DNP, but not nonprotein thiol loss by 2,4-DNP in the small intestine of rats 
(Nishihata et al. 1988b). Although DNP inhibits the absorption of the hydrophilic drug, cefmetazole, 
incubation of DNP and salicylate removed this inhibitory effect in the small intestine. By preventing 
the DNP-induced protein thiol loss in the small intestine, salicylate appears to enhance diffusivity of 
cefmetazole in the small intestines. However, salicylate at very high doses can also increase 
respiratory rates and produce hyperthermia in humans (Brody 1956), and possibly exaggerate these 
signs in persons acutely exposed to 2,4-DNP. 
Spontaneous release of acetylcholine, as measured electrophysiologically as increased miniature 
endplate potential (MEPP) frequency, was determined in myofibers from rat hemidiaphragms exposed 
to 2,4-DNP and/or methylmercury (Levesque and Atchison 1987). Tissues exposed to 2,4-DNP caused 
the same increase in MEPP frequency as when methylmercury was administered. However, 
pretreatment with 2,4-DNP did not block methylmercury-induced stimulation of MEPP frequency. 
Although 2,4-DNP and methylmercury were capable of individually increasing cytoplasmic calcium 
and stimulating spontaneous release of acetylcholine, there was no interaction between DNP and 
methylmercury. The authors proposed that methylmercury and DNP do not share a common 
mechanism for increasing cytoplasmic calcium. 
Additional information regarding interactions of any isomer of DNP with chemicals other than drugs 
(haloperidol, salicylates, anticholinergics, Section 2.8.3) was not located. Pretreatment of rats with 
haloperidol significantly diminished the hyperpyrexia and lethality of 2,4-DNP by interfering with the 
uncoupling of oxidative phosphorylation by 2,4-DNP (Gatz and Jones 1972). The protection by 
haloperidol may have occurred by an indirect action on the mitochondrial membrane. Although no 
studies were located regarding interactions between 2,4-DNP and anticholinergics, anticholinergics may 
also cause hyperpyrexia, and aspirin and other salicylates also uncouple oxidative phosphorylation 
(Brody 1956; Ellenhom and Barceloux 1988; Flower et al. 1985; Haddad and Winchester 1990). In 
addition, 4,6-DNOC uncouples oxidative phosphorylation (Ilivicky and Casida 1969). Therefore, these 
agents may exacerbate the effects of 2,4-DNP. Animal studies have established environmental 
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temperature as a factor in the toxicity of 2,4-DNP, in that high temperatures increase the toxicity and 
low temperatures have a protective effect (Harvey 1959). Data from occupational exposure studies 
suggest this phenomenon may hold for humans as well (Gisclard and Woodward 1946; Perkins 1919). 
2,4-Dinitro-6-sec-butylphenol (the pesticide Dinoseb), p-nitrophenol, and o-nitrophenol inhibit the 
metabolism of 2,4-DNP (Eiseman et al. 1974). O-nitrophenol is a competitive inhibitor and is 
metabolized by the same enzyme as 2,4-DNP. 2,4-Dinitro-6-sec-butylphenol and p-nitrophenol are 
non-competitive inhibitors of 2,4-DNP metabolism. If an individual is exposed simultaneously to 
2,4-DNP and any of these inhibitors, it is possible that the toxic effects of 2,4-DNP would be 
enhanced. 
4,6-Dinitro-o-cresol (DNOC) was also used as a diet pill in the 1930s and also was associated with 
cataracts. DNOC also uncouples oxidative phosphorylation and may have an additive or synergistic 
effect with 2,4-DNP if a person were simultaneously exposed. 
As discussed in Section 2.3.5, 2,4-DNP uncouples oxidative phosphorylation, thereby preventing the 
generation of ATP. Since many biochemical processes depend on the energy released during the 
breakdown of ATP, the limited supply of ATP may affect detoxification or the activation of other 
xenobiotic chemicals. 
2.7 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 
A susceptible population will exhibit a different or enhanced response to DNP than will most persons 
exposed to the same level of DNP in the environment. Reasons include genetic make-up, 
developmental stage, age, health and nutritional status (including dietary habits that may increase 
susceptibility, such as inconsistent diets or nutritional deficiencies), and substance exposure history 
(including smoking). These parameters result in decreased function of the detoxification arid excretory 
processes (mainly hepatic, renal, and respiratory) or the pre-existing compromised function of target 
organs (including effects or clearance rates and any resulting end-product metabolites). For these 
reasons we expect the elderly with declining organ function and the youngest of the population with 
immature and developing organs will generally be more vulnerable to toxic substances than healthy 
adults. Populations who are at greater risk due to their unusually high exposure are discussed in 
Section 5.6, Populations With Potentially High Exposure. 
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Experience with occupationally exposed populations in the munitions industry in France in 1917-1918 
indicated that workers with renal or hepatic disease or with alcoholism were especially susceptible to 
2,4-DNP toxicity (Perkins 1919). Increased numbers of clinical cases of poisoning were seen during 
the warmer months of the year (Perkins 1919; Gisclard and Woodward 1946), but it is uncertain 
whether this finding was related to greater exposure of and absorption through the skin or to a 
lessened capacity to dissipate body heat when environmental temperatures were high. Studies in 
animals indicate that high environmental temperature increases the toxicity of 2,4-DNP (Harvey 1959). 
Some human subpopulations that are predisposed to a syndrome known as malignant hyperthermia 
may be more likely to develop fatal hyperthermia following exposure to 2,4-DNP. Malignant 
hyperthermia is an inherited disease of skeletal muscle characterized by a drug-induced hyperpyrexia 
(Schroeder and McPhee 1990). Humans with this inherited disease are predisposed to acute 
hyperthermic reactions triggered by stress or drugs (such as inhalation anesthetic agents, skeletal 
muscle relaxants, and amide local anesthetics) (Britt 1979). Although no data were located linking 
2,4-DNP with malignant hypertheimia, persons with the genetic predisposition may be more 
susceptible to the hyperthermic effects of 2,4-DNP. 
A single case report suggests that impaired liver function may be a factor in susceptibility to the 
hematological effects of ingested 2,4-DNP (Davidson and Shapiro 1934). 
Cataracts have been seen at a relatively low incidence among humans ingesting 2,4-DNP or sodium 
2,4-DNP for weight loss. Based on cases of cataracts in a mother and daughter (Hessing 1937) and in 
identical twins who had taken the drug, Buschke (1947) suggested that a genetic predisposition may 
play a role in susceptibility to 2,4-DNP cataractogenesis. 
Rats fed diets deficient in vitamin A or B2 to which 2,4-DNP was or was not added did not develop 
cataracts (Tainter and Borley 1938). Similarly, guinea pigs fed a diet deficient in vitamin C to which 
2,4-DNP or no 2,4-DNP was added also did not develop cataracts. These results indicated that 
cataracts could not be induced in rats or guinea pigs by 2,4-DNP, even if deficient in vitamins. 
However, in a later study, guinea pigs fed a vitamin C-deficient diet and treated orally with 2,4-DNP 
developed cataracts, while guinea pigs on a vitamin C-deficient diet but given ascorbic acid and 
2,4-DNP did not (Ogino and Yasukura 1957), indicating vitamin C deficiency made the guinea pigs 
susceptible to 2,4-DNP cataractogenesis. Human subpopulations with diets deficient in vitamins C, E, 
(Robertson et al. 1989), or B2 (Prchal et al. 1978) may be more susceptible to cataract formation in 
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general. The concentration of ascorbic acid in the aqueous humor of adult animals is generally higher 
than that in young animals (Kinsey et al. 1945). Ascorbic acid concentration in the eyes of rabbits 
younger than 8 days of age did not differ significantly from the concentration in the blood. Beyond 
8 days of age, the concentration in the aqueous humor increased. This suggests that low levels of 
ascorbic acid may be associated with DNP-induced cataracts in young animals. However, no studies 
were located to indicate that low levels of ascorbic acid in the eyes of young animals may predispose 
them to 2,4-DNP-induced cataracts or that high concentrations of ascorbic acid in adults prevents 
2,4-DNP-induced cataracts. 
An increased risk of cataracts secondary to lactose and galactose ingestion is present in subpopulations 
with a deficiency in galactokinase activity (Couet et al. 1991). In addition, people with 
hyperparathyroidism, hypocalcemia, or hypoglycemia are predisposed to cataracts (Lloyd et al. 1992). 
People with diabetes mellitus also develop cataracts (Muller-Breitenkamp and Hockwin 1991). 
Evidently, defects in the metabolism of hexose sugars, such as in diabetes and galactosemia, can lead 
to osmotically induced cataracts (Lloyd et al. 1992). Therefore, people with these metabolic disorders 
and/or vitamin deficiencies may be more susceptible to 2,4-DNP cataractogenesis. Other physical and 
chemical agents that are cataractogenic in humans include ultraviolet, X-ray, or microwave radiation, 
cigarette smoke, trinitrotoluene, and polyvinylchloride (Muller-Breitenkamp and Hockwin 1991). 
Thus, people exposed to these agents or who smoke may be at increased risk to 2,4-DNP 
cataractogenesis. 
Immature rabbits and ducklings were more susceptible to 2,4-DNP cataractogenesis than mature rabbits 
(Gehring and Buerge 1969a). However, incubation of lenses from mature rabbits with 2,4-DNP 
resulted in cataract formation. It therefore appears that age-related difference in susceptibility is 
related to a difference in the rate of clearance of 2,4-DNP from the blood and/or to the presence of a 
blood-aqueous humor barrier. Higher concentrations of 2,4-DNP were found in the aqueous humor, 
vitreous humor, and lenses of immature rabbits and ducklings than in similar tissues of older animals 
(Gehring and Buerge 1969b). These investigators proposed that the presence of a physiological blood-
aqueous humor barrier in older rabbits and ducks maintains a lower concentration of 2,4-DNP in the 
aqueous humor than in the serum. This study also confirmed that 2,4-DNP was cleared faster from the 
serum of mature rabbits than from young rabbits. Mature animals are therefore less susceptible to 
cataract formation because the lens is protected physically and metabolically from cataractogenic 
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2,4-DNP concentrations. This suggests that human infants may be more susceptible than adults, but 
no studies were located that address this issue. 
Salicylate at very high doses can increase respiratory rates and produce hyperthermia in humans 
(Brody 1956) and possibly exaggerate these signs in persons acutely exposed to 2,4-DNP. Therefore, 
people who take high doses of aspirin regularly may be at an increased risk of 2,4-DNP-induced 
toxicity. 
No studies were located regarding unusually susceptible populations in regard to the other isomers of 
DNP. 
2.8 METHODS FOR REDUCING TOXIC EFFECTS 
This section will describe clinical practice and experimental research concerning methods for reducing 
toxic effects of exposure to DNPs. However, because some of the treatments discussed may be 
experimental and unproven, this section should not be used as a guide for treatment of exposure to 
DNPs. When specific exposures have occurred, poison control centers and medical toxicologists 
should be consulted for medical advice. 
The available information on methods for reducing toxic effects is concerned with 2,4-DNP. The 
other DNP isomers do not appear to have been a clinical problem and are not discussed in the reports 
dealing with this topic. 
2.8.1 Reducing Peak Absorption Following Exposure 
Because 2,4-DNP is readily absorbed from the respiratory tract, little can be done to reduce its 
absorption other than removal of the person from the contaminated area to prevent further exposure 
(Bronstein and Currance 1988). 
2,4-DNP is relatively lipophilic and has a pKa of 4.09 (see Chapter 3) and, therefore, may be absorbed 
by passive diffusion by the upper gastrointestinal tract where the pH is low and DNP is non-ionized. 
Administration of bicarbonate to increase the pH of the upper gastrointestinal tract might reduce the 
absorption of 2,4-DNP, but no information regarding this possible treatment was located. In cases of 
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acute ingestion, measures that have been suggested to slow or prevent absorption within the first few 
hours include ingestion of water (Bronstein and Currance 1988), ipecac to induce emesis, gastric 
lavage, activated charcoal, and a cathartic such as magnesium sulfate (Ellenhorn and Barceloux 1988; 
Haddad and Winchester 1990; Stutz and Janusz 1988). The use of emetics, however, has been 
discouraged by other authors (Bronstein and Currance 1988). Gastric lavage with large quantities of 
sodium bicarbonate solution has also been recommended (National Safety Council 1988). 
For dermal exposure, removal of contaminated clothes and decontamination of the skin (and eyes) with 
copious amounts of water is frequently recommended (Bronstein and Currance 1988; Haddad and 
Winchester 1990; Stutz and Janusz 1988). 
2.8.2 Reducing Body Burden 
No studies or recommendations were located for reducing the body burden of 2,4-DNP. Elimination 
from the body appears to be rapid, except possibly in cases of compromised liver function. Whether 
procedures such as dialysis would result in significant reductions of body burden is uncertain, because 
there is evidence from animal studies that a portion of the circulating 2,4-DNP is bound to serum 
proteins (Gehring and Buerge 1969b). 
2.8.3 Interfering with the Mechanism of Action for Toxic Effects 
2,4-DNP uncouples oxidative phosphorylation from electron transport by carrying protons across the 
inner mitochondrial membrane, thereby dissipating the pH gradient and membrane electrochemical 
potential and preventing the production of ATP (see Section 2.3.5). Electron transport from NADH to 
oxygen proceeds normally, but the energy produced is dissipated as heat, accounting for the pyrexic 
effects of 2,4-DNP. It is also by this mechanism that 2,4-DNP exerts its other toxic effects, since ATP 
is required for most energy-dependent biochemical processes. The hyperpyrexia and lethality of 
2,4-DNP have been significantly diminished in animals by pretreatment of the animals with 
haloperidol (Gatz and Jones 1972). Further in vitro experiments suggested that haloperidol interfered 
(probably indirectly by an action at the mitochondrial membrane) with the uncoupling of oxidative 
phosphorylation by 2,4-DNP. Hence, haloperidol may be a candidate for further investigation as an 
antidote to 2,4-DNP. 
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Rapid cooling of the body (using a hypothermia blanket or ice) is suggested to control hyperpyrexia 
(Bronstein and Currance 1988; Ellenhorn and Barceloux 1988; Haddad and Winchester 1990). The 
protective effect of cooling the body with water after 2,4-DNP administration is documented in 
animals (Harvey 1959). The excessive perspiration noted in many of the human studies and case 
reports can contribute to dehydration; administration of fluids would be appropriate to counteract this 
effect. 
Glucose administration may also be useful since glycolysis would be the main source of ATP 
production in 2,4-DNP poisoned cells. 
Salicylates and anticholinergics are contraindicated because they may potentiate the action of 2,4-DNP 
(Brody 1956; Ellenhom and Barceloux 1988; Haddad and Winchester 1990). Although salicylate may 
increase cell viability in tissues that have been exposed to 2,4-DNP (Nishihata et al. 1988a, 1988b) 
(see Section 2.6), salicylate in high doses can also uncouple oxidative phosphorylation, increase 
respiratory rates, and produce hyperthermia in humans (Brody 1956), and possibly exaggerate these 
signs in persons acutely exposed to 2,4-DNP. 
2,4-DNP induced cataracts in young people when it was given as a diet pill in the 1930s. Data from 
an in vitro study suggest that vitamin E delays or minimizes development of radiation-induced 
cataracts in isolated rat lenses (Ross et al. 1983). Data from an epidemiological study involving adults 
over 55 years of age suggest that daily vitamin E or vitamin C supplementation or a combination of 
the two antioxidants reduced senile cataract risk (Robertson et al. 1989). In another study involving 
adults aged 40-70 years, high plasma concentrations of at least two antioxidant vitamins reduced the 
risk of senile cataracts (Jacques et al. 1988). Guinea pigs fed a vitamin C-deficient diet and treated 
orally with 2,4-DNP developed cataracts, while guinea pigs on a vitamin C-deficient diet but given 
ascorbic acid and 2,4-DNP did not (Ogino and Yasukura 1957), indicating vitamin C deficiency made 
the guinea pigs susceptible to 2,4-DNP cataractogenesis. Therefore, if the mechanisms of induction of 
2,4-DNP-induced and senile cataracts are similar, antioxidant vitamins may protect people from 
2,4-DNP-induced cataracts. Whether vitamin therapy would be beneficial in treating 2,4-DNP-induced 
cataracts is not known. 
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2.9 ADEQUACY OF THE DATABASE 
Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with 
the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 
adequate information on the health effects of DNPs is available. Where adequate information is not 
available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to assure 
the initiation of a program of research designed to determine the health effects (and techniques for 
developing methods to determine such health effects) of DNPs. 
The following categories of possible data needs have been identified by a joint team of scientists from 
ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would 
reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 
that all data needs discussed in this section must be filled. In the future, the identified data needs will 
be evaluated and prioritized, and a substance-specific research agenda will be proposed. 
2.9.1 Existing Information on Health Effects of Dinitrophenols 
The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to 
2,4-DNP are summarized in Figure 2-3. The purpose of this figure is to illustrate the existing 
information concerning the health effects of DNPs. Each dot in the figure indicates that one or more 
studies provide information associated with that particular effect. The dot does not imply anything 
about the quality of the study or studies. Gaps in this figure should not be interpreted as “data needs.” 
A data need, as defined in ATSDR’s Decision Guide for Identifying Substance-Specific Data Needs 
Related to Toxicological Profiles (ATSDR 1989), is substance-specific information necessary to 
conduct comprehensive public health assessments. Generally, ATSDR defines a data gap more 
broadly as any substance-specific information missing from the scientific literature. 
As shown in Figure 2-3, data exist regarding death, systemic effects, and neurological effects in 
humans after occupational exposure to 2,4-DNP for intermediate durations. The occupational exposure 
appeared to involve primarily inhalation with some contribution from dermal contact. The systemic 
effect categories for which some data were available were respiratory, gastrointestinal, hepatic, renal, 
body weight, and metabolic. Data also exist regarding death, systemic effects of acute-, intermediate-, 
and chronic-duration exposure, and immunologic and neurologic effects in humans after oral exposure 
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to 2,4-DNP. The systemic effect categories for which some data were located were respiratory, 
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, endocrine, dermal, 
ocular, body weight, metabolic, and other (hearing). The ocular effects consisted of cataract formation 
after acute-, intermediate- or chronic-duration oral exposure to 2,4-DNP. 
Most of the data regarding health effects in humans after oral exposure to 2,4-DNP come from case 
reports and clinical studies of the use of 2,4-DNP and sodium 2,4-DNP as diet pills in the 1930s. 
Although these studies have limitations, they provide a useful and reasonably consistent picture of 
dose-effect relationships for acute- and intermediate-duration exposure. 
No data were located regarding health effects in animals after inhalation exposure to 2,4-DNP. 
Animal data exist regarding death, systemic effects of acute-, intermediate, and chronic-duration 
exposure, and immunologic, neurologic, developmental, reproductive, and genotoxic effects after oral 
exposure. The systemic effect categories for which some data were available were respiratory, 
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, endocrine, dermal, 
ocular, body weight, and metabolic. 
No studies were located regarding health effects in humans or animals after inhalation, oral, or dermal 
exposure to 2,3-, 2,5-, 3,4-, or 3,5-DNP. The only study regarding health effects of 2,6-DNP in 
humans or animals after these routes of exposure was an acute-duration oral study of cataract 
formation in chickens (Robbins 1944). 
2.9.2 Identification of Data Needs 
Acute-Duration Exposure.  No studies were located regarding health effects in humans after 
inhalation or dermal exposure to 2,4-DNP for acute durations. Therefore, data are not available to 
derive an acute-duration inhalation MRL. 
In humans exposed via acute oral ingestion, death has occurred from the chemical’s pyretic effects 
following what appeared to be intentional ingestion of overdoses (Tainter and Wood 1934). Other 
patients have died in a comatose condition after taking 2,4-DNP for acute durations (Masserman and 
Goldsmith 1934; Poole and Haining 1934). 
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Information on health effects in humans after both acute-duration and intermediate-duration oral 
exposure to 2,4-DNP indicates that the characteristic effects of 2,4-DNP for this route are increased 
basal metabolic rate and perspiration, weight loss, a sensation of warmth, and, at higher dosages, 
increased pulse, respiratory rate, and body temperature (Castor and Beierwaltes 1956; Cutting and 
Tainter 1933; Cutting et al. 1933, 1934; Dintenfass 1934; Dunlop 1934; Lattimore 1934; MacBryde 
and Taussig 1935; Masserman and Goldsmith 1934; Poole and Haining 1934; Tainter et al. 1935b). 
These effects are related to the uncoupling of mitochondrial oxidative phosphorylation by 2,4-DNP. A 
LOAEL for these effects has been identified on the basis of weight loss and characteristic signs of 
metabolic toxicity, but a NOAEL is not defined. An acute oral MRL of 0.01 mg/kg/day was derived 
from the LOAEL of 1.2 mg/kg/day 2,4-DNP observed for weight loss (Tainter et al. 1935b). 
Respiratory effects (increased respiratory rate) appear to be secondary to the increased basal metabolic 
rate and body temperature (Cutting et al. 1934; Masserman and Goldsmith 1934; Tainter and Wood 
1934). Some of the cardiovascular effects (increased pulse rate) noted in humans are secondary to the 
elevated metabolic rate, but abnormal electrocardiograms were seen in patients treated with relatively 
high dosages of 2,4-DNP (MacBryde and Taussig 1935) suggesting the heart may be a target organ. 
A death was attributed to myocarditis due to acute oral ingestion of 2,4-DNP (Lattimore 1934), and 
segmentation and fragmentation of cardiac muscles were found in another fatal case (Poole and 
Haining 1934). There is evidence of gastrointestinal effects (nausea and vomiting, hemorrhage, edema, 
and degeneration) (Lattimore 1934; MacBryde and Taussig 1935; Poole and Haining 1934), liver 
effects (Lattimore 1934; MacBryde and Taussig 1935; Tainter and Wood 1934), and musculoskeletal 
effects (probably secondary to uncoupling of oxidative phosphorylation or peripheral neuritis) 
(Anderson et al. 1933; MacBryde and Taussig 1935; Nadler 1935; Poole and Haining 1934); the 
available data also suggest that the kidney is a target organ in fatal cases due to acute oral exposure 
(Lattimore 1934; Poole and Haining 1934). In addition, a case report has attributed agranulocytosis (a 
syndrome characterized by marked decrease in the number of granulocytes, lesions of the throat and 
other mucous membranes, and fever; also called granulocytopenia, malignant neutropenia, or 
agranulocytic angina) to acute-duration ingestion of a relatively high dosage of 2,4-DNP (Goldman and 
Haber 1936; Hoffman et al. 1934; Silver 1934). Dermal effects and cataracts have also been observed 
in humans ingesting 2,4-DNP for acute durations (Anderson et al. 1933; Dintenfass 1934; Hitch and 
Schwartz 1936). Hearing impairment has been found to be a complication of severe dermal lesions 
(Hitch and Schwartz 1936) or pharyngitis (Dintenfass 1934) in humans who ingested 2,4-DNP for 
acute durations. 
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Animal lethality data are available for the oral route in a number of species; clear differences in 
sensitivity were not seen among species. Death was generally attributed to the pyretic effect of 
2,4-DNP. Increases in body temperature occurred in animals given 2,4-DNP (Tainter and Cutting 
1933a, 1933b) at relatively high doses; in general, the increases were less pronounced than in humans. 
Highly abnormal electrocardiograms were seen in dogs at high dosage levels (Kaiser 1964). A few 
acute-duration oral studies in animals have investigated histopathological effects (Arnold et al. 1976; 
Spencer et al. 1948; Tainter and Cutting 1933b), but results were not consistent or conclusive. Some 
evidence of renal effects was seen in two rat studies (Arnold et al. 1976; Spencer et al. 1948) but not 
in a dog study (Tainter and Cutting 1933b). Hematological effects have not been investigated in 
animals after acute-duration oral exposure. 
A single-exposure dermal study in guinea pigs reported death from dermal administration (Spencer et 
al. 1948). Hyperemia, edema, and denaturation of the skin was reported in rabbits after dermal 
exposure (Dow Chemical Co. 1940). 
Additional acute studies in animals to better define the threshold region for acute-duration oral 
exposure would be useful. The animal data currently available, particularly for intermediate-duration 
exposure, suggest that the tested species may not be the best models for human response to this 
chemical because effects observed in animals occurred at much higher doses than the doses taken by 
humans who developed adverse effects. Test animals, especially small mammals and birds, have 
significantly higher metabolic rates than humans, which they maintain by consuming more food per 
kilogram body weight. A more suitable model for 2,4-DNP-induced metabolic toxicity might be larger 
animals, for example, swine or large dogs. However, the most sensitive toxic end points for humans 
(body weight loss and metabolic effects) can be reproduced in most test animals, as can the serious 
end point of cataracts in birds and rabbits. 
Although human data regarding acute-duration inhalation and dermal exposure are not available, data 
from intermediate-duration occupational exposure indicate that effects related to uncoupling of 
oxidative phosphorylation and gastrointestinal effects probably are not route-specific. Acute-duration 
inhalation and dermal studies in animals could be conducted to determine dose-response relationships 
for these routes. 
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Intermediate-Duration Exposure.  Occupational exposure to 2,4-DNP resulted in death from pyrexia in 
some cases, and fatigue, elevation of body temperature, increased respiratory rate, profuse 
perspiration, and weight loss in some of the workers (Gisclard and Woodward 1946; Perkins 1919). 
Exposure occurred by the inhalation and also probably by the dermal route. Gastrointestinal symptoms 
(nausea, vomiting) were also noted (Perkins 1919). Autopsy of the fatal cases did not reveal any 
characteristic lesions, other than pulmonary edema, which was thought to be secondary to vasomotor 
effects. Hence many of the effects of 2,4-DNP in humans do not appear to be route-specific. No 
exposure levels were reported in these studies. 
No inhalation studies in animals exposed to 2,4-DNP for intermediate durations were located. 
Therefore, information in humans and animals exposed by inhalation is insufficient to derive an 
intermediate-duration inhalation MRL. 
In general, the effects in humans that are obvious consequences of the uncoupling of oxidative 
phosphorylation appear to occur with the same intensity at the same oral dose levels during 
intermediate-duration oral exposure (Bayer and Gray 1935; Castor and Beierwaltes 1956; Cutting et al. 
1933, 1934; Dunlop 1934; Epstein and Rosenblum 1935; Goldman and Haber 1936; Horner et al. 
1935; Hunt 1934; Imerman and Imerman 1936; Looney and Hoskins 1934; MacBryde and Taussig 
1935; Nadler 1935; Rank and Waldeck 1936; Simkins 1937a, 1937b, Tainter et al. 1935b) as during 
acute-duration exposure. As for acute-duration exposure, the threshold for these effects is not 
welldefined; no NOAEL is available. Case reports and clinical studies of people ingesting 2,4-DNP for 
intermediate durations have identified the lungs (Goldman and Haber 1936; Simkins 1937a, 1937b), 
cardiovascular system (Epstein and Rosenblum 1935; Goldman and Haber 1936; MacBryde and 
Taussig 1935; Masserman and Goldsmith 1934; Rank and Waldeck 1936; Simkins 1937a, 1937b), 
gastrointestinal tract (Bayer and Gray 1935; Goldman and Haber 1936; MacBryde and Taussig 1935; 
Simkins 1937a, 1937b), hematological system (agranulocytosis) (Davidson and Shapiro 1934; Goldman 
and Haber 1936), musculoskeletal system (MacBryde and Taussig 1935; Nadler 1935), liver (Goldman 
and Haber 1936, MacBryde and Taussig 1935), kidney (Goldman and Haber 1936; Simkins 1937a, 
1937b), skin (Hunt 1934; MacBryde and Taussig 1935; Simkins 1937a, 1937b; Tainter et al. 1935b), 
and eyes (Hill 1936; Horner et al. 1935; Rank and Waldeck 1936; Simkins 1937a, 1937b; Tainter et 
al. 1935b) as target organs of the effects of 2,4-DNP. The effects on these organs and systems 
observed after intermediate-duration oral exposure are comparable to those observed after acute-duration 
oral exposure. Comparison of doses for intermediate-duration with doses for acute-duration 
154 DINITROPHENOLS 
2. HEALTH EFFECTS 
exposure reveals no correlation of toxicity with dose or exposure duration. Therefore, no intermediate-
duration oral MRL was derived. Less well-documented effects of intermediate-duration oral exposure 
include a decrease in serum protein-bound iodine and a decrease in glucose tolerance (Castor and 
Beierwaltes 1956; MacBryde and Taussig 1935). 
The animal data for intermediate duration oral exposure also show decreased body weight, but at more 
than 10-fold higher doses than in humans, as well as increased oxygen consumption; histopathological 
effects were generally absent (Pugsley 1936; Spencer et al. 1948; Tainter et al. 1934b). No 
hematological, dermal, neurological, or ocular effects were seen (Spencer et al. 1948; Tainter et al. 
1934b). Cataracts in animals after oral exposure have been demonstrated only in a special strain of 
mice, in vitamin C deficient guinea pigs, and in chicks and ducks and were transient and/or 
histologically different from the human cataracts (Bettman 1946; Ogino and Yasukura 1957; Robbins 
1944). Hence, the animal data indicate that animals may be much less sensitive and may not respond 
in the same manner to 2,4-DNP as do humans. However, cataracts were induced in immature rabbits 
injected intraperitoneally with 2,4-DNP (Gehring and Buerge 1969a). Hyperemia, edema, and 
exfoliation of the skin were reported in rabbits exposed dermally to 2,4-DNP for 4 weeks (Spencer et 
al. 1948). 
Additional studies to better define the threshold region for intermediate-duration inhalation, oral, and 
dermal exposure would be useful, but the animal data currently available suggest that tested species 
may not be suitable models for human response to this chemical. Studies to identify a suitable animal 
model may be worthwhile. Further studies on the cataractogenesis of 2,4-DNP in immature rabbits 
may provide a useful animal model for humans. 
Chronic-Duration Exposure and Cancer. No studies were located regarding toxicity in humans 
after inhalation or dermal exposure or in animals after inhalation or dermal exposure to 2,4-DNP for 
chronic durations. Case reports of humans who ingested 2,4-DNP for chronic durations have 
identified cardiovascular, hematological, renal, dermal, and ocular effects and weight loss, increases in 
body temperature, and increases in basal metabolic rates (Horner et al. 1935; Imerman and Imerman 
1936) similar to those observed after acute- and intermediate-duration exposures. Again, comparison 
of doses taken for chronic durations with doses taken for acute or intermediate durations reveals no 
correlation between dose and duration and health effects observed. A study was located assessing 
death and systemic effects in rats after dietary exposure to 2,4-DNP for life (Tainter 1938). Although 
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100% mortality was observed at the highest exposure level, the rats may have died from starvation. 
Decreased life span and growth were observed at lower exposure levels; the cause for the decrease in 
life span was not determined. In spite of gross and histological examination of most tissues and 
organs, no target organs for 2,4-DNP toxicity were identified in this study (Tainter 1938). The paucity 
of chronic data in humans and animals precludes the derivation of chronic-duration inhalation and oral 
MRLs. Chronic duration inhalation, oral, and dermal testing in animals may be useful because the 
most likely human exposure at this time might be long-term exposure at workplaces or hazardous 
waste sites. The effects of impaired mitochondrial function over long periods of time are unknown. If 
a suitable animal model were identified, further chronic studies might be worthwhile. 
No studies were located regarding cancer in humans after inhalation, oral, or dermal exposure, or in 
animals after inhalation or oral exposure to 2,4-DNP. Two skin painting studies in female mice using 
DMBA as an initiator reported that 2,4-DNP was clearly not effective as a tumor promotor (Boutwell 
and Bosch 1959; Stenback and Garcia 1975). No signs of cancer were reported in studies exposing 
rats and dogs to 2,4-DNP for intermediate or chronic durations; however, these studies were designed 
to evaluate systemic toxicity, rather than carcinogenicity (Spencer et al. 1948; Tainter et al. 1934b; 
Tainter 1938). In addition, 2,4-DNP was negative for genotoxicity in most in vivo and in vitro studies 
(see Section 2.9.2, Genotoxicity). While there is essentially no positive evidence for 2,4-DNP induced 
genotoxicity or cancer in humans and animals, and negative evidence exists with respect to cancer and 
genotoxicity in animals, the metabolites of 2,4-DNP (2-amino-4-nitrophenol, 4-amino-2-nitrophenol, 
and 2,4-diaminophenol) appear to be mutagenic. 2-Amino-4-nitrophenol (NTP 1988a) and 4-amino­
2-nitrophenol (NC1 1978) show some evidence of carcinogenicity in male rats. For this reason, 
carcinogenicity studies with 2,4-DNP may be justified. 
Genotoxicity. No studies were located regarding genotoxicity in humans after inhalation, oral, or 
dermal exposure or in animals after inhalation or dermal exposure to 2,4-DNP. 2,4-DNP was negative 
for genotoxicity in one in vivo gavage assay in mice assessing DNA synthesis in testicular cells 
(Friedman and Staub 1976) and positive in another (Seiler 1981); negative for mutagenicity in assays 
on prokaryotic organisms; and DNP was negative for DNA damage in vitro using prokaryotic and 
mammalian cells (Anderson and Styles 1978; Chiu et al. 1978; De Flora 1981; Garner and Nutman 
1977; Heinemann and Howard 1964; Kleinhofs and Smith 1976; Nakamura et al. 1987; Probst et al. 
1981; Swenberg et al. 1976). In mice injected intraperitoneally with 2,4-DNP, the incidence of 
chromosomal aberrations was increased (Mitra and Manna 1971). Other studies producing positive 
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results for genotoxicity were either equivocal for mutagenicity in prokaryotic organisms or were “false 
positives” for genotoxicity in assays measuring DNA synthesis or mitotic indices that could be 
explained by a 2,4-DNP induced decrease in cellular metabolic rate (Demerec et al. 1951; Garrett and 
Lewtas 1983; Gautschi et al. 1973; Ghosh et al. 1989; Kawai et al. 1987; Miyagawa 1977; Seiler 
1981; Tsuda 1974). Thus, the weight-of-evidence indicates that 2,4-DNP is not genotoxic. However, 
one study demonstrated an increase in chromosomal aberrations in vivo, indicating that it might be 
useful to further test 2,4-DNP for clastogenicity (Mitra and Manna 1971). Furthermore, considerable 
data indicates that the metabolites of 2,4-DNP (2-amino-nitrophenol, 4-amino-2-nitrophenol, and 
2,4-diaminophenol) are mutagenic in S. typhimurium (Gamer and Nutman 1977). Since 2,4-DNP was 
negative with metabolic activation with rat liver S9, which contains the enzymes that reduce 2,4-DNP 
to these metabolites, the positive results with the metabolites are difficult to reconcile. A study that 
specifically addresses the metabolism of 2,4-DNP in the presence of the S9 activating system and an 
appropriate ATP-regenerating system would resolve this apparent contradiction. 
In a study screening 102 chemicals for reverse mutations of S. typhimurium, 2,3- and 2,5-DNP were 
positive for mutagenicity in the TA98 and TA100 strains, 2,6-DNP was negative for mutagenicity in 
the TA98 and TA100 strains, and 3,4-DNP was positive and negative for mutagenicity in the TA100 
and TA98 strains, respectively (Kawai et al. 1987). Thus, data indicate a potential for mutagenicity in 
2,3-, 2,5-, and 3,4-DNP. Further studies in bacterial and mammalian culture assays of these isomers, 
which are hypothermic rather than hyperthermic like 2,4-DNP, and thus may have a different 
mechanism of action (Harvey 1959), would be useful to better determine their potential genotoxicity. 
Reproductive Toxicity. No studies were located regarding reproductive toxicity in humans after 
inhalation or dermal exposure, or in animals after inhalation or dermal exposure to 2,4-DNP. Three 
case reports and a clinical study of women taking 2,4-DNP orally for weight reduction suggest that 
2,4-DNP may affect the female reproductive system (Beinhauer 1934; Epstein and Rosenblum 1935; 
Goldman and Haber 1936; Simkins 1937a, 1937b). The effects included a small and infantile uterus 
and numerous follicular cysts in the ovary (Goldman and Haber 1936) and a fibroid degeneration of 
the uterus and a cystic left ovary (Beinhauer 1934). Whether these were preexisting conditions is not 
known. A miscarriage (Epstein and Rosenblum 1935) and altered menstrual cycles (Simkins 1937a, 
1937b) were attributed to the ingestion of 2,4-DNP. No gross or histological evidence of treatment-related 
damage to the testes was reported following intermediate- and chronic-duration exposure of rats 
in the diet or intermediate exposure of dogs via capsules to 2,4-DNP; however, the protocol for 
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examining reproductive organs was not reported, and may not have been adequate to assess 
reproductive toxicity (Spencer et al. 1948; Tainter 1938; Tainter et al. 1934b). In addition, only male 
animals were used in these studies. Intermediate- and chronic-duration studies specifically assessing 
effects on reproductive organs in male and, particularly, female animals of two species after inhalation 
and oral exposure to 2,4-DNP would be useful. Positive findings on effects on reproductive organs of 
female animals would help determine whether the effects seen in human females were actually due to 
2,4-DNP exposure. Furthermore, if reproductive effects are confirmed, multigeneration studies by both 
routes would provide information on reproductive function. 
Developmental Toxicity.  No studies were located regarding developmental toxicity in humans 
after inhalation, oral, or dermal exposure or in animals after inhalation or dermal exposure to 2,4-DNP. 
Increased incidence of stillborn pups and pup mortality during lactation was reported in female rats 
treated by gavage with 2,4-DNP prenatally for 8 days, and throughout gestation and lactation (Wulff et 
al. 1935). Two other oral gavage studies on mice reported no developmental toxicity at exposure 
levels producing maternal toxicity; however, these studies only exposed dams during the first 3-4 days 
of organogenesis (Gibson 1973; Kavlock et al. 1987). Evidence of developmental toxicity (decreased 
fetal body weight and crown-rump length) was reported in rats receiving 2,4-DNP by subcutaneous 
injection and in mice injected intraperitoneally with 2,4-DNP; no teratogenic effects were noted in 
these studies (Gibson 1973; Goldman and Yakovac 1964). Because evidence of developmental 
toxicity was observed after parenteral administration in two species, further testing would be useful to 
determine whether developmental effects occur with environmentally relevant routes of exposure. 
Immunotoxicity. The available studies did not focus on immunotoxicity. Agranulocytosis was 
reported in some people who took 2,4-DNP for intermediate durations (Davidson and Shapiro 1934; 
Goldman and Haber 1936). Whether the dermal reactions (including severe urticarial or macropapular 
lesions) seen in humans after acute-, intermediate-, and chronic-duration oral exposure involve 
sensitization is unclear. These reactions sometimes disappeared during continuing 2,4-DNP treatment 
or were not seen again in patients who discontinued 2,4-DNP after experiencing dermal effects and 
then resumed treatment at the same or higher doses (Bortz 1934; Tainter et al. 1935b). A woman who 
developed a severe skin reaction over her entire body after ingesting 2,4-DNP had a mildly positive 
reaction to a 1:2 dilution and a negative reaction to a 1:10 dilution of 2,4-DNP in a contact skin test 
(Beinhauer 1934). Patch tests, scratch tests, intradermal tests, and passive transfer tests with 2,4-DNP 
performed on 158 people, 117 of whom had hay fever, asthma or urticaria, were all negative (Matzger 
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1934). Such reactions were not reported in the occupational exposure studies, which involved 
inhalation and dermal exposure (Gisclard and Woodward 1946; Perkins 1919). 
No histopathological effects were seen in the spleen, bone marrow, or lymph nodes of animals after 
intermediate-duration oral exposure (Spencer et al. 1948; Tainter et al. 1934b). No studies were located 
regarding immunological effects in animals after inhalation or dermal exposure to 2,4-DNP. A battery of 
immune function tests may be useful in determining whether the immune system is affected by exposure 
to 2,4-DNP. 
Neurotoxicity. 2,4-DNP appears to affect both the central and peripheral nervous systems. 
Symptoms of central nervous toxicity, such as fatigue and agitation, have been experienced by people 
occupationally exposed to 2,4-DNP (Gisclard and Woodward 1946; Perkins 1919). Headache, 
weakness, extreme fatigue, dizziness, euphoria, irrationality, confusion, and stupor have also been 
experienced by some people who ingested 2,4-DNP for acute to chronic durations (Dintenfass 1934; 
Gisclard and Woodward 1946; Goldman and Haber 1936; Imerman and Imerman 1936; Masserman 
and Goldsmith 1934; Perkins 1919; Poole and Haining 1934). The autopsy of a woman who died 
after ingesting 2,4-DNP revealed histopathological lesions in the brain and spinal cord (Poole and 
Haining 1934). Peripheral neuritis has been described in patients taking 2,4-DNP orally at therapeutic 
doses for weight reduction for acute to intermediate durations (Anderson et al. 1933; Bortz 1934; 
Epstein and Rosenblum 1935; Hunt 1934; Nadler 1935; Simkins 1937a, 1937b). 
Studies in animals did not specifically investigate neurological end points. An intermediate-duration 
oral study in dogs found no gross or histological evidence of damage to the brain or spinal cord 
(Tainter et al. 1934b). A battery of neurological and behavioral studies in animals might provide 
further information on this end point and its relative sensitivity. 
Epidemiological and Human Dosimetry Studies. No epidemiology studies of workers or other 
populations exposed to 2,4-DNP were located. A study describing occupational experience with 
2,4-DNP in the French munitions industry in the early 1900s (Perkins 1919), a case report of 
occupational 2,4-DNP overexposure in the U.S. (Gisclard and Woodward 1946), and numerous case 
reports and clinical studies regarding the use of 2,4-DNP as a diet pill in humans in the 1930s (Castor 
and Beierwaltes 1956; Cutting et al. 1933, 1934; Dameshek and Gargill 1934; Davidson and Shapiro 
1934; Dunlop 1934; Hoffman et al. 1934; Looney and Hoskins 1934; MacBryde and Taussig 1935; 
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Silver 1934; Tainter et al. 1935b) are available and indicate that the end points related to the 
uncoupling of oxidative phosphorylation are the most sensitive. These end points include body weight 
loss, increased basal metabolic rate, and characteristic signs and symptoms including increased 
perspiration and a sensation of warmth. Other effects reported in people taking 2,4-DNP orally for 
weight reduction purposes included agranulocytosis, peripheral neuritis, and cataract development. No 
consistent correlations between effects and dose or duration were discerned, indicating that individual 
sensitivity varies widely. The limitations of these studies were common to studies of that time and 
include the lack of a control worker population or placebo-treated control group, anecdotal style of 
reporting results, and lack of statistical analysis. In the occupational studies, comparisons were made 
with conditions under which worker exposure to 2,4-DNP was greatly reduced, and in the clinical 
studies, with before-treatment and after-treatment measurements on the same patients. Workers 
currently exposed to 2,4-DNP and people who live or work near waste sites contaminated with 
2,4-DNP could be studied to define relationships among exposure, blood and urine levels of parent 
compounds and metabolites, and the sensitive effects. 
Biomarkers of Exposure and Effect. 
Exposure. 2,4-DNP and metabolites have been monitored in body fluids and tissues of humans and 
animals (Davidson and Shapiro 1934; Gehring and Buerge 1969b; Gisclard and Woodward 1946; 
Kaiser 1964; Lawford et al. 1954; Parker 1952; Perkins 1919; Robert and Hagardorn 1983, 1985). 
The predominant compounds in blood and urine appear to be unchanged 2,4-DNP and 2-amino­
4-nitrophenol. Systematic attempts to correlate levels of 2,4-DNP or its metabolites in blood or urine 
with exposure levels have not been made. The total amount or concentration of 2,4-DNP and its 
principal metabolite(s) would probably be a better indicator of exposure than either alone. It would be 
useful to investigate this possibility. 
Effect. The increase in basal metabolic rate and weight loss, along with the characteristic clinical 
signs and symptoms (increased perspiration, sensation of warmth) seen with oral and occupational 
exposure of humans to 2,4-DNP appear to be fairly sensitive indices of the profound metabolic 
disturbances caused by 2,4-DNP. 
No studies correlating blood or urine levels of 2,4-DNP and its metabolites with toxic effects in 
humans were located. This approach may be worth investigating since limited information from 
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parenteral animal studies indicates that, at least for ocular effects, there is a correlation between levels 
of 2,4-DNP in the eye and the development of cataracts; rate of elimination from serum was also 
inversely related to cataract development (Gehring and Buerge 1969b). 
Absorption, Distribution, Metabolism, and Excretion. Limited data suggest that absorption 
of high single doses from the gastrointestinal tract may be fairly complete in humans (Tainter and 
Wood 1934). The attainment of maximal increases in basal metabolic rate within one hour of 
ingestion of 2,4-DNP in clinical studies provides indirect evidence of rapid absorption (Cutting et al. 
1933; Dunlop 1934). Evidence of distribution consists of the detection of parent compound and 
metabolites in the tissues of fatal cases of occupational exposure (inhalation and probably dermal) to 
2,4-DNP (Perkins 1919). Detection of 2,4-DNP and metabolites in the urine of a patient who ingested 
2,4-DNP and in workers exposed to 2,4-DNP occupationally (Davidson and Shapiro 1934; Perkins 
1919) shows that this is a significant route of excretion. The major blood, tissue, and urinary forms of 
DNP following occupational and oral exposure of humans appear to be the parent compound and 
2-amino-4-nitrophenol (Davidson and Shapiro 1934; Perkins 1919; Tainter and Wood 1934). There 
are no human data to suggest major differences by route and duration of exposure, but the database is 
meager. Studies in animals treated orally with 2,4-DNP have identified 2-amino-4-nitrophenol, 
4-amino-2-nitrophenol (Robert and Hagardom 1985), and possibly 2,4-diaminophenol (Ogino and 
Yasukura 1957) in the urine. In vitro studies using rat liver homogenates suggested that the enzyme 
responsible for the reduction of 2,4-DNP to 2-amino-4-nitrophenol and 4-amino-2-nitrophenol is a 
nitroreductase located primarily in the cytosol (Eiseman et al. 1972). A small amount of 2,4-
diaminophenol was also forrned. Another in vitro study suggested that 2,4-diaminophenol was formed 
from the further reduction of aminonitrophenols by the same nitroreductase (Parker 1952). Identification 
of 2,4-diaminophenol in the urine of humans exposed to 2,4-DNP would help to clarify whether these 
pathways are similar in humans. 
While half-lives of absorption after oral administration have been estimated at 0.5 hour in rats (Robert 
and Hagardom 1983), and plasma monitoring data from a limited study in dogs also suggest rapid 
absorption from the gastrointestinal tract (Kaiser 1964), the fraction absorbed has not been determined, 
and no studies were located that provide a total accounting of excretion. Tissue levels of 2,4-DNP in 
liver and kidney were found to be much lower than in serum of rats after a single oral dose of 
2,4-DNP, but metabolites were not monitored (Robert and Hagardom 1983). No evidence of 
accumulation or saturation phenomena was seen during plasma monitoring of dogs for parent 
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compound in a daily dosing experiment with three 2,4-DNP dose levels, but the data were limited 
(Kaiser 1964). 
In addition, no studies were located regarding absorption, distribution, metabolism, or excretion in 
animals after inhalation or dermal exposure to 2,4-DNP. Therefore, pharmacokinetic studies in 
animals exposed to 2,4-DNP by the inhalation, oral, and dermal routes would be useful in determining 
differences among these routes and may help to identify a suitable model to assess potential 
differences in pharmacokinetics via these routes in humans. 
Comparative Toxicokinetics.  Because the fundamental effect of 2,4-DNP (uncoupling of 
oxidative phosphorylation) occurs in all species and tissues, effects would be expected to occur 
nonspecifically in the organs and tissues and to be similar across species. Nevertheless, some 
differences are apparent with regard to ocular and hematological effects, as noted previously. Based 
on the limited available data from oral and occupational exposure in humans and from oral 
administration in animals, no striking differences in absorption, metabolites, or excretion among 
species are evident. Differences in elimination rates among rats, rabbits, guinea pigs, mice, and 
monkeys following a single oral dose were not large (less than two-fold difference among species) on 
the basis of a single limited study (Lawford et al. 1954). Parenteral studies investigating differences in 
sensitivity to 2,4-DNP cataractogenesis among various animal models concluded that the concentration 
of 2,4-DNP in the target organ is a critical factor in sensitivity to cataractogenesis (Gehring and 
Buerge 1969a, 1969b). This conclusion was based on the finding that differences in elimination from 
serum and from compartments of the eye and in the blood-aqueous humor barrier appeared to account 
for differences in sensitivity among animals of different ages and species. In addition, intraocular 
injection of 2,4-DNP rapidly produced cataracts in otherwise insensitive animals (Gehring and Buerge 
1969a). No studies to corroborate this by the oral, inhalation, or dermal route were located. 
Methods for Reducing Toxic Effects. Since 2,4-DNP is a small (molecular weight 
<500 daltons) relatively lipophilic weak acid and has a pKa of 4.09, it is probably absorbed by passive 
diffusion in the stomach and lungs. Little can be done to reduce its absorption from inhalation 
exposure. Removal of contaminated clothes and thorough washing of the skin is suggested in cases of 
dermal exposure (Bronstein and Currance 1988; Haddad and Winchester 1990; Stutz and Janusz 1988). 
The usual methods of dilution (ingestion of water) and removal (via emesis, gastric lavage, activated 
charcoal, use of cathartics) have been suggested to slow or prevent absorption within the first few 
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hours of ingestion (Bronstein and Currance 1988; Ellenhom and Barceloux 1988; Haddad and 
Winchester 1990; Stutz and Janusz 1988). Substances that neutralize the acidic gastric environment 
(e.g., bicarbonate) could be tested to determine whether they would effectively reduce the 
gastrointestinal absorption of 2,4-DNP. These methods are suitable for acute-duration high-dose 
scenarios. 2,4-DNP and its metabolites have been detected in the tissues of fatal cases of occupational 
exposure (Perkins 1919). 2,4-DNP was present in liver and kidney of orally dosed rats at levels lower 
than those in serum; the data indicated rapid exchange of 2,4-DNP among serum and these tissues 
(Robert and Hagardom 1983). Distribution appears to involve the exchange between blood and tissues 
of 2,4-DNP that is not bound to serum proteins; this evidence comes from a parenteral study in 
animals (Gehring and Buerge 1969b). 2,4-DNP is rapidly eliminated in animals; data for humans were 
not located. Because of the binding to serum proteins, it is uncertain whether procedures such as 
dialysis would significantly aid in reducing body burden. The hyperpyrexia and lethality of 2,4-DNP 
have been significantly diminished in rats by pretreatment with haloperidol (Gatz and Jones 1972). 
Further in vitro experiments suggested that haloperidol interfered (probably indirectly by an action at 
the mitochondrial membrane) with the uncoupling of oxidative phosphorylation by 2,4-DNP. Hence 
haloperidol may be a candidate for further investigation as an antidote to 2,4-DNP. Rapid cooling of 
the body (using a hypothermia blanket or ice) has been suggested to control hyperpyrexia resulting 
from high doses of 2,4-DNP (Bronstein and Currance 1988; Ellenhom and Barceloux 1988; Haddad 
and Winchester 1990). The protective effect of cooling the body with water following 2,4-DNP 
administration is documented in animals (Harvey 1959). Avoidance of hot environments and use of 
air conditioning would be useful in less severe exposures. The excessive perspiration noted in many 
of the human studies and case reports can contribute to dehydration; administration of fluids would be 
appropriate to counteract this effect. 
2.9.3 Ongoing Studies 
E. Hunter of the National Institute of Environmental Health Sciences in Research Triangle Park, North 
Carolina, is conducting a study investigating the effect of 2,4-DNP and other metabolic toxins on 
embryonic development in the mouse. 
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3.1 CHEMICAL IDENTITY 
Information regarding the chemical identity of dinitrophenol is located in Table 3-l. 
3.2 PHYSICAL AND CHEMICAL PROPERTIES 
Information regarding the physical and chemical properties of dinitrophenol is located in Table 3-2. 
Potential metabolites of dinitrophenols in humans are listed in Table 3-3. 





169 DINITROPHENOLS 
4. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 
4.1 PRODUCTION 
The production volume of 2,4-DNP is Confidential Business Information (CBI) (EPA 1991). 
Therefore, information on the annual production volumes of 2,4-DNP in the United States in recent 
years has not been published, although the production volumes are substantial (EPA 1991). In 1977, 
the production volume for 2,4-DNP was <1,000 pounds by Alpine Laboratories, Inc., in Bay Minette, 
Alabama. Production volumes in 1977 for two alternate production sites (Mobay Chemical Corp. in 
Charleston, South Carolina, and Martin Marietta Corp. in Charlotte, North Carolina) and one plant, 
whose name remains confidential, were not reported (TSCAPP 1993). According to the most recent 
obtainable data from the United States International Trade Commission publication on U.S. production 
and sales of synthetic organic chemicals (USITC 1970), 863,000 pounds of 2,4-DNP were produced in 
1968. One chemical company, Sandoz Chemicals Corp., in Charlotte, North Carolina, is listed as a 
domestic manufacturer of 2,4-DNP in 1992 (SRI 1994) and its yearly production volume is in the 
range 0.1-1.0 million pounds (see Table 4-l). Vertac Chemical Corp. in Memphis, Tennessee, was 
listed as a manufacturer of 2,5-DNP, 2,6-DNP, and a dinitrophenol mixture containing the 2,3-, 2,4-, 
and, 2,6- isomers (HSDB 1994). 2,6-DNP is also produced by American Hoechst Corp. in North 
Hollywood, California (OHM/TADS 1993). Besides these producers of dinitrophenols, Table 4-l 
reports the number of facilities in each state that manufacture and process 2,4-dinitrophenol and the 
range of maximum amounts of 2,4-DNP stored on-site. The data reported in Table 4-l are derived 
from the Toxics Release Inventory (TRI) of EPA (TRI92 1994). The TRI data should be used with 
caution since only certain types of facilities were required to report. Thus, this is not an exhaustive 
list. Neither production sites nor volumes for any of the other dinitrophenol isomers were located in 
the available literature. 
The commercial dinitrophenol mixture is produced by heating phenol with dilute sulfuric acid, cooling 
the product, and then nitrating while keeping the temperature below 50 ºC, or by nitrating with a 
mixed acid under careful temperature control (Sax and Lewis 1987). 2,3-, 2,5-, and 3,4-DNP are 
prepared by nitration of m-nitrophenol. 3,5-DNP is prepared by the replacement of one nitro group by 
methoxyl in 1,3,5-trinitrobenzene and demethylation of the dinitroanisole by anhydrous aluminum 
chloride. 2,6-DNP is prepared by sulfonation and nitration of o-nitrophenol (Harvey 1959). 2,6-DNP 
is also produced as a byproduct in the synthesis of 2,4-DNP by way of 2,4-dinitrochlorobenzene. 
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Heating with 6% aqueous sodium hydroxide at 95-100 Cº for 4 hours hydrolyzes 2,4­
dinitrochlorobenzene.  2,4-DNP in the hydrolyzed product is precipitated by adding acid; the precipitate is 
removed by filtration. The residue is washed to remove added acid and the more soluble 2,6-DNP (Booth 
1991). 
4.2 IMPORT/EXPORT 
During 1985, 102,000 pounds of 2,4-DNP were imported into the United States (HSDB 1994). 
Neither import nor export data for any of the other dinitrophenol isomers were located in the available 
literature. 
4.3 USE 
Dinitrophenol (commercial mixture of the 2,3- and 2,6- isomers, but mostly the 2,4- isomer) is used in 
the synthesis of dyes, picric acid, picramic acid, wood preservatives, diaminophenol dihydrochloride (a 
photographic developer), explosives, and insecticides, and as a pH indicator. 2,4-DNP was formerly 
used as a weight-reducing agent. 2,5-DNP is used in the manufacture of dyes, organic chemicals, and 
as a pH indicator. 2,4-DNP is used as an insecticide, acaricide, and fungicide. Dinitrophenols are also 
used in the manufacture of acaricides, herbicides, fungicides, and in the manufacture of styrene as 
inhibitors in the purification stills to reduce polymerization (Merck 1989; Coulter et al. 1969; HSDB 
1994; Metcalf 1966; Sax and Lewis 1987). 
4.4 DISPOSAL 
2,4-DNP has been identified as a hazardous waste by EPA, and disposal of this waste is regulated 
under the Federal Resource Conservation and Recovery Act (RCRA). Specific information regarding 
federal regulations on 2,4-DNP disposal on land, in municipal solid waste landfills, and in incinerators 
is available in the Code of Federal Regulations (EPA 1992a, 1992b, 1992c). Details of such 
regulations and guidelines are given in Chapter 7. 
A method that utilizes the classical Fenton reaction (reaction with ferrous chloride and hydrogen 
peroxide) has been suggested for the treatment of phenolics in waste waters (Lipczynska-Kochany 
1991; Vella and Munder 1993). At a nitrophenol to ferrous chloride concentration ratio of 1:3 and in 
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the presence of excess hydrogen peroxide (nitrophenol/hydrogen peroxide ratio =1:18), >90% of nitro-
phenol was destroyed in less than 7 hours and no aromatic degradation products were detected 
(Lipczynska-Kochany 1991). However, the Fenton’s system is very susceptible to inhibitors and 
hydroxyl radical scavengers (e.g., phosphate and carbonate) (Vella and Munder 1993). Alternative 
treatment methods for the reduction of nitrophenol concentrations in waste water include activated 
carbon treatment and biological treatment methods (Vella and Munder 1993). Ultimate disposal of 
dinitrophenol isomers can be accomplished in an incinerator equipped with an acid scrubber for 
removing oxides of nitrogen (NOx). EPA suggests rotary kiln and fluidized bed incineration as 
methods for disposal of DNP. Because dinitrophenol has been used as a pesticide, the disposal of 
containers that contained DNP is required by EPA. Combustible containers from organic or many 
metalloorganic pesticides may be disposed of in pesticide incinerators or in specified landfill sites. 
Noncombustible containers may be disposed of in a designated landfill or recycled (HSDB 1994). 
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5.1 OVERVIEW 
Dinitrophenols are released to the environment primarily during their manufacture and use, and from 
waste disposal sites that contain dinitrophenols (Games and Hites 1977; HSDB 1994; McLuckey et al. 
1985; Patil and Shinde 1988). Dinitrophenols also form in the atmosphere from the reaction of 
benzene with NOx in ambient air (Nojima et al. 1983). Significant removal of dinitrophenols from the 
atmosphere due to photochemical or other chemical reactions is not likely. Dry and wet deposition of 
particulate dinitrophenols are the two significant removal processes in the air (Alber et al. 1989; Cape1 
et al. 1991; Levsen et al. 1990). Neither photochemical nor other chemical processes have been 
identified that are significant for the transformation/degradation of dinitrophenols in natural waters 
(Callahan et al. 1979; Lipczynska-Kochany 1992; Tratnyek and Hoigne 1991; Tratnyek et al. 1991). 
The loss of dinitrophenols from water due to volatilization is negligible (Callahan et al. 1979). 
Moderate amounts of dinitrophenols are removed from water to sediment due to adsorption (Callahan 
et al. 1979). Biodegradation may be the most important loss process for dinitrophenols in natural 
waters (Barth and Bunch 1979; Chambers et al. 1963; Games and Hites 1977; Tabak et al. 1981a, 
1981b). As in water, no chemical process has been identified that would be significant for 
transformation/degradation of dinitrophenols in soil. Biodegradation may be the most significant 
process for destroying dinitrophenols in soil (Kincannon and Lin 1985; Loehr 1989; O’Connor et al. 
1990). The loss of dinitrophenols from soil due to volatilization is not significant (Wild and Jones 
1992). The mobility of dinitrophenols in soils decreases with increase in acidity, clay, and organic 
matter content, but the mobility in soil will increase as the basicity of soil-water increases because the 
ionized form is more water soluble and moves faster through soil (Kaufman 1976). 2,4-DNP has been 
measured in groundwater from waste disposal sites (ATSDR 1988; Plumb 1991), indicating the 
possibility that these compounds leach from soil. Depending on the nature of soil and climatic 
conditions, the residence time of 2,4-DNP in soil has been determined to be <8-120 days (Kincannon 
and Lin 1985; Loehr 1989; O’Connor et al. 1990). 
Other than in workplace air, dinitrophenols have not been measured in ambient air in the United 
States, but have been found in other countries. Dinitrophenols at a maximum concentration of 
3.2 mg/L have been detected in effluent from a dye-manufacturing plant (Games and Hites 1977), but 
no monitoring data for drinking water in the United States are available. Dinitrophenols have been 
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identified in 61 of the 1,408 waste sites on the NPL (HazDat 1994). The frequency of these sites 
within the United States is shown in Figure 5-1. The maximum detected 2,4-DNP concentration in 
groundwater from a Superfund site was 30.6 mg/L in Minnesota (ATSDR 1988). No data are 
available on the levels of dinitrophenols in food or total diet samples in the United States. Within the 
overall population, occupational groups (Gisclard and Woodward 1946) and people who live near 
hazardous waste sites that contain these pollutants are more likely to be exposed to higher 
concentrations of dinitrophenols than the rest of the general population; however, the extent of such 
exposures for residents around waste sites has not been documented. 
5.2 RELEASES TO THE ENVIRONMENT 
5.2.1 Air 
Dinitrophenols are released to the air from manufacturing plants and facilities that use them (HSDB 
1994; TRI92 1994). 2,4-DNP releases in air from U.S. facilities that manufactured or processed 
2,4-DNP are reported in Table 5-l (TRI92 1994). According to TRI92 (1994) an estimated 
20,312 pounds or 51.6% of the total environmental release was discharged in the air from 
manufacturing and processing industries in the United States in 1992. The TRI data should be used 
with caution, since only certain types of facilities were required to report. This is not an exhaustive 
list. Automobile exhaust is another source of 2,4- and 2,6-DNPs in air (Nojima et al. 1983). 2,4-DNP 
is also used as an insecticide, acaricide, and fungicide (HSDB 1994). Therefore, application of this 
type of pesticide could be a source of 2,4-DNP in air. Photochemical reactions of benzene with 
nitrogen oxides in air also produce dinitrophenols in the atmosphere (Nojima et al. 1983). Dinitrophenols 
have been detected in emissions from hazardous waste combustion (James et al. 1984). 
Dinitrophenols may be present in the aerosol or vapor phase near hazardous waste disposal sites. It 
has been suggested that the most important origin of dinitrophenols is their formation by 
photochemical reactions in the atmosphere (Nojima et al. 1983). 
5.2.2 Water 
Dinitrophenols may be released into surface water from production facilities and by industries that use 
them. 2,4-DNP has been detected in the waste water from nitrobenzene-manufacturing plants (Patil 
and Shinde 1988). Other industries or plants that can release dinitrophenols in surface water are 
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explosives producers (McLuckey et al. 1985), dye-manufacturing plants (Games and Hites 1977), and 
sewage treatment plants where the influent waters already contain dinitrophenols (DeWalle et al. 
1982). Since 2,4-DNP is also used to produce picric acid, picramide, and photographic developer 
(diaminophenol hydrochloride), and in preserving wood (Hawley 1981), waste waters or land runoffs 
from these industries may release 2,4-DNP to surface water. The releases of 2,4-DNP to water from 
facilities that manufactured and processed 2,4-DNP in the United States during 1992 are reported in 
Table 5-l (TRI92 1994). According to TRI92 (TRI92 1994), an estimated 128 pounds, amounting to 
0.3% of the total release, was discharged to water from manufacturing and processing facilities in the 
United States in 1992. 2,4-DNP is also used as an insecticide, acaricide, and fungicide (HSDB 1994). 
Therefore, application of this pesticide would be a source of 2,4-DNP in water. Dinitrophenols will 
also be released into groundwater from hazardous waste sites containing insecticides or pesticides, such 
as Dinoseb, which may contain dinitrophenols as impurities (ATSDR 1988; Overcash et al. 1982; 
Plumb 1991). Small amounts will also enter surface water by wet and dry deposition of atmospheric 
dinitrophenols (Alber et al. 1989; Bihm et al. 1989; Levsen et al. 1990). 
5.2.3 Soil 
Dinitrophenols may be released in soils in the vicinity of the sites where they are manufactured and 
used. Dinitrophenols were found in the soil of a decommissioned wood preserving facility (EPA 
1988a). The release of 2,4-DNP to land from facilities that manufactured or processed the compound 
in the United States in 1992 is reported in Table 5-l (TRI92 1994). According to TRI92 (1994), an 
estimated 18,925 pounds were injected underground, and 6 pounds were released to soil, for a 
combined land release of 48.1% of the total environmental release. Dinitrophenols will be found in 
soils of hazardous waste sites where wastes containing these compounds are disposed (HazDat 1994). 
2,4-DNP is also used as an insecticide, acaricide, and fungicide (HSDB 1994). Therefore, application 
of this pesticide would be a source of 2,4-DNP in soil. Since vehicular exhaust contains dinitrophenols 
(Nojima et al. 1983), roadside soil might contain these compounds. Small amounts of dinitrophenols 
will enter soil due to dry and wet deposition of these compounds present in the atmosphere. 
5.3 ENVIRONMENTAL FATE 
Very little data regarding the fate and transport of 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNP in the environment 
were located in the literature; however, more data are available for 2,4-DNP. Although, depending on 
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physico-chemical properties (pKa, water solubility, vapor pressure and other relevant properties) there 
will be differences, the environmental fate and transport of other dinitrophenols are likely to follow the 
same general pattern of environmental behavior as that of 2,4-DNP. 
5.3.1 Transport and Partitioning 
The vapor pressure of 2,4-DNP is 1.49x10-5 mm Hg at 18 ºC (Mabey et al. 1981). Organics with 
vapor pressures of 10-4  to 10-8  mm Hg at ambient temperature should exist partly in the vapor and 
partly in the particulate phase in the atmosphere (Eisenreich et al. 1981). Nitrophenols were detected 
experimentally in the particulate phase in air (Nojima et al. 1983), although the method used to collect 
atmospheric particulate matter was not suitable for collecting vapor-phase dinitrophenols. The distance 
of atmospheric transport of dinitrophenols will depend on atmospheric residence times. The residence 
time of dinitrophenols, based on the estimated rates of various reactions, is long enough to allow 
atmospheric transport (see Section 5.3.2.1). The removal and transport of atmospheric dinitrophenols 
to land and water by physical processes, such as wet and dry deposition, will depend on the physical 
states of these compounds in the atmosphere. Since dinitrophenols have been detected in rain, snow, 
and fog (Alber et al. 1989; Cape1 et al. 1991; Levsen et al. 1990), at least partial removal of these 
compounds occurs by physical processes. Because of faster rates of travel, unreacted vapor-phase 
dinitrophenols in the atmosphere have a greater chance to be transported longer distances than 
dinitrophenols present as aerosols. No monitoring data, however, are available to substantiate long-
distance atmospheric transport of dinitrophenols. 
Based on its vapor pressure, water solubility, and presence predominantly in ionic forms in most 
natural waters (pKa = 4.09 for 2,4-DNP), Callahan et al. (1979) concluded that the volatilization of 
these compounds from water to air is not significant. 
The partitioning of dinitrophenols from water to suspended solids and sediment due to adsorption 
would transport these compounds from water to sediment. The sorption of dinitrophenols by soil or 
sediment would depend on the organic carbon content, clay content, and pH of soil and sediment 
(Callahan et al. 1979; Kaufman 1976). An increase in clay and organic carbon content and a decrease 
in pH (thereby increasing the concentration of the un-ionized form) would increase the amount sorbed. 
Therefore, the sorption and subsequent transport of dinitrophenols from water to suspended solids and 
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sediment would be significant in natural waters that are acidic and/or have high organic matter and 
clay content. 
No experimental data on the bioconcentration potential for dinitrophenols or their metabolites in 
aquatic organisms were located. Based on bioconcentration factors in the range of 8-24 estimated 
from octanol/water partition coefficients (EPA 1986a), bioconcentration is not expected to be 
significant for dinitrophenols in aquatic organisms. In addition, the fact that dinitrophenols exist 
predominantly in ionic forms in most natural waters (pH 5-9) further indicates that bioconcentration is 
not significant (bioconcentration is usually significant for hydrophobic and non-ionic compounds). 
Using the equation log BCF = l.02xlogKow - 1.82 to correct the BCF due to ionization in water 
(McCarty et al. 1993) and a value of 1.54 for log Kow (see Table 3-2), the BCF of 2,4-DNP in fish can 
be estimated to be 0.56. Therefore, the concentration of 2,4-DNP in fish may be even lower than its 
concentration in water. 
The possibility of transport of dinitrophenols from soil to air via volatilization needs examination. 
Based on its low volatility and reasonably high water solubility, Wild and Jones (1992) concluded that 
2,4-DNP would not volatilize from most soils. Although the possibility of volatilization of phenolic 
compounds in soil via co-distillation with water has been suggested (Kaufman 1976) and release to air 
via aerosol formation is possible, no volatilization of 2,4-DNP was observed in 21 days from soil 
columns (Kincannon and Lin 1985). The transport of dinitrophenols from soil to groundwater also 
may occur via leaching. The amount of DNP leached depends on the dinitrophenol adsorption 
capability of soils. Adsorption of phenols in soil increases with a decrease in pH and an increase in 
organic carbon, goethite (one of the most common iron oxides in soil), and clay content (Hudson-
Baruth and Seitz 1986; Kaufman 1976; O’Connor et al. 1990; Shea et al. 1983; Stone et al. 1993). In 
soils containing goethite, 2,4-DNP adsorption is due to surface complex formation at protonated 
mineral surfaces (Stone et al. 1993). The adsorption of 2,4-DNP on goethite was shown to be 
maximum near pH 4.5 and negligible at neutral and alkaline pH (Stone et al. 1993). The adsorption of 
2,4-DNP in calcareous soils low in organic carbon, goethite and clay content was low at a pH >7 
(Hudson-Baruth and Seitz 1986; O’Connor et al. 1990). The leaching of dinitrophenols is high in such 
soils. Conversely, the leaching of dinitrophenols from soils will decrease when the organic carbon, 
clay or goethite content of soil increases and the pH of soil-water attains a pH of <6. The transport of 
DNP from soil to adjacent land or surface water may occur as a result of lateral movement via runoff 
and/or hydrogeological movement of contaminated groundwater to surface water. Dinitrophenols have 
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been detected in agricultural watersheds (Wegman and Wammes 1983). This indicates that transport 
of dinitrophenols to adjacent surface water or land occurs via runoff or as a result of hydrogeological 
movement of groundwater to surface water from fields where dinitrophenols have been used as 
pesticides, or other pesticides have been applied (dinitrophenols may also originate as impurities in 
certain pesticides such as Dinoseb). Such movement of dinitrophenols from soils and groundwater in 
waste sites is also possible. 
Some loss of dinitrophenols from soil could also occur by plant uptake. High concentrations of these 
compounds are toxic to the growth and development of plants, especially at lower pH (Overcash et al. 
1982). At concentrations likely to cause maximum bioaccumulation (10 mg/kg), the bioaccumulation 
factor (concentration in plant over concentration in soil) in lettuce, carrot (tops, peels, and root), hot 
pepper foliage, and fruits was <0.01 at a soil pH of 6.7-7.2 (O’Connor et al. 1990). Since dinitrophenols 
undergo metabolism in plants, plant accumulation of dinitrophenols due to uptake would not be 
significant (O’Connor et al. 1990). The uptake and translocation could be significant in soil with 
low pH where the concentration of non-ionized dinitrophenols (more readily adsorbed than the ionized 
form) are higher (Shea et al. 1983). Since the concentration of the non-ionized form is only <0.25% 
of total DNP at pH 6.7 (O’Connor et al. 1990), the soil pH has to be considerably lower for uptake to 
be significant in plants. 
5.3.2 Transformation and Degradation 
5.3.2.1 Air 
The reactions of dinitrophenols with hydroxyl and nitrate radicals may be important in determining the 
residence times of dinitrophenols in the atmosphere (Atkinson et al. 1992). However, the products of 
these reactions have not been identified. No kinetic data are available for the atmospheric reactions of 
dinitrophenols with these species. Using the method of Atkinson (1988), the estimated rate constant 
for the reaction of vapor-phase 2,4-DNP with hydroxyl radicals is 5.76x10-13 cm3/molecule-second. 
Based on an average ambient atmospheric concentration of hydroxyl radicals of 5x105 radicals/cm3 
(Atkinson 1988), the estimated half-life for the reaction is 28 days. Since dinitrophenols are expected 
to be present partly in the particulate phase in the air, the reaction rate is expected to be even slower 
than the estimated value for the gas phase reaction. Grosjean (1985) has concluded that the 
atmospheric reaction of chemically related 4-methyl-2-nitrophenol with nitrate radicals was not of 
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major significance. By structural analogy, the reaction of nitrate radicals with 2,4-DNP is not likely to 
be significant, and the loss of dinitrophenols in the air due to chemical reactions should not be a 
significant environmental fate process. The overall atmospheric half-life (due to all chemical and 
physical processes) of 2,4-DNP remains unknown. 
5.3.2.2 Water 
The estimated rate constants for the reaction of 2,4-DNP with singlet oxygen (1O2) and peroxy radicals 
(RO2) are 3x104/molar-hour and 5x105/molar-hour, respectively (Mabey et al. 1981). The reaction of 
hydroperoxy radicals (HO2) with 2,4-DNP produces a ring hydroxylated product (Lipczynska-Kochany 
1992). Based on an assumption that the concentrations of singlet oxygen and peroxy radicals in 
typical eutrophic waters are 10-12 and 10-9 molar, respectively (Mill and Mabey 1985) these reactions 
would not be significant. The experimental value for the rate constant for 2,4-DNP’s reaction with 
singlet oxygen is 4.05x105/molar-second (Tratnyek and Hoigne 1991; Tratnyek et al. 1991). Based on 
an estimated average singlet oxygen concentration of 4x10-14 molar in typical eutrophic fresh water 
(Tratnyek and Hoigne 1991) and the experimental reaction rate constant, this reaction still would not 
be important in water (half-life of ≈500 days). Although it has been speculated that 2,4-DNP may 
hydrolyze while adsorbed to clay in water in a manner analogous to mono-nitrophenols (Callahan et al. 
1979), no experimental evidence exists of such a reaction in natural water. 
The direct photolysis of 2,4-DNP in water is too slow to be an important environmental fate process 
(Lipczynska-Kochany 1992). 2,4-DNP may be photoreduced to 2-amino-4-nitrophenol in the presence 
of ascorbic acid or ferrous ions, and the reaction is sensitized by chlorophyll (Massini and Voorn 
1967). The possibility of such photoreduction exists in natural water in which the suspended reducing 
matter may act as a reducing agent and humic substances or algae may serve as a sensitizer. 
2,4-DNP is biodegraded by several pure cultures of microorganisms, such as Pseudomonas sp. (Bruhn 
et al. 1987; Sudhakar-Barik et al. 1976), Scenedesmus obliquus (Klekner and Kosaric 1992), 
Haloanaerobium praevalens, Sporohalobacter marismortui (Oren et al. 1991), Fusarium oxysporum 
(Madhosingh 1961) two strains of Rhodococcus sp. (Lenke et al. 1992; Schmidt et al. 1992), 
Janthinobacterium sp. (Gier et al. 1989; Hess et al. 1990; Schmidt et al. 1992), Corynebacterium 
simplex (Gundersen and Jensen 1956; Jensen and Gundersen 1955) a gram-positive bacterium (Suwa 
et el. 1992), and a filamentous bacterium (Schmidt et al. 1992) isolated from soil, water, and sediment. 
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DNP is also anaerobically biodegraded by Veillonella alkalescens in the presence of hydrogen 
(McCormick et al. 1976). A sulfate-reducing bacterium, Desulfovibrio sp., isolated from a continuous 
anaerobic digester, used 2,4-DNP as sole source of nitrogen but not of carbon and energy for growth 
(Boopathy and Kulpa 1993). Usually, the pure cultures were able to biodegrade 2,4-DNP after a 
certain adaptation period and as long as the concentration of 2,4-DNP was below a certain toxic level. 
The degradation pathway depended on the microorganisms and the conditions of aeration. Typically, 
with aerobic organisms and aerobic conditions, the biodegradation proceeded by replacement of nitro 
groups by hydroxyl groups and liberation of nitrite, or by hydroxylation of the aromatic ring positions 
3, 5, or 6 (Raymond and Alexander 1971). The biodegradation by anaerobic organisms and under 
anaerobic conditions proceeded by reduction of nitro groups to amino groups (Madhosingh 1961; 
McCormick et al. 1976). The bacterium Desulfovibrio sp. reduced the nitro groups in 2,4-DNP to 
amines and reductively deaminated the amino groups, leaving the aromatic ring intact with the 
formation of phenol (Boopathy and Kulpa 1993). Although these pure culture studies are important 
for establishing degradative pathways, they do not reflect real environmental situations where mixed 
microorganisms and different nutritional conditions are present. 
Complete or partial biodegradation of 2,4-DNP was observed under aerobic conditions with mixed 
microorganisms from activated sludge (Kincannon et al. 1983a, 1983b; Patil and Shinde 1989; Pitter 
1976), enriched sewage (Brown et al. 1990; Wiggins and Alexander 19SS), adapted sediment from 
rivers or waste lagoons (Barth and Bunch 1979; Chambers et al. 1963; Tabak et al. 1964), settled 
domestic waste water (Tabak et al. 1981a, 1981b), and aeration lagoons and settling ponds (Games and 
Hites 1977). Typically, aerobic biodegradation occurred if the concentration of 2,4-DNP was below 
toxic levels (≈10-20 mg/L) and adapted microorganisms were used. The adaptation period is usually 
short (Tabak et al. 1981b). Ozonation prior to aerobic biodegradation increases the biodegradation rate 
(Medley and Stover 1983). The biodegradation of 2,4-DNP under methanogenic conditions with 
anaerobic digester sludge was observed with little or no inhibitory effect at concentration ≤20 mg/L 
(O’Connor and Young 1989). As the concentration of 2,4-DNP increased to >100 mg/L, however, the 
microorganisms needed an adaptation period of 40-90 days before the commencement of 
biodegradation (Battersby and Wilson 1989; O’Connor and Young 1989). Controlled chemical 
oxidation of 2,4-DNP with Fenton’s reagent or ozone significantly enhances anaerobic biodegradability 
by reducing the toxicity of 2,4-DNP to methanogens (Wang 1992). No kinetic data were located that 
estimated 2,4-DNP’s biodegradation rate in natural water. It can be concluded from the above 
discussions, however, that in natural waters in which the degrader populations are small, 
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biodegradation of 2,4-DNP will be slow until microorganisms multiply to give a large enough degrader 
population to cause a detectable degradation. 
5.3.2.3 Sediment and Soil 
No study was located that reported the abiotic degradation/transformation of dinitrophenols in soil. It 
has been speculated that 2,4-DNP in soil may be reduced to 2-amino-4-nitrophenol by sunlight in the 
presence of a reductant, such as ferrous ions and a sensitizer, such as chlorophyll (Kaufman 1976; 
Overcash et al. 1982; Shea et al. 1983). Considering, however, that sunlight would not penetrate 
below the surface layer of soil, photolysis would not be significant at subsurface levels. 
Biodegradation is the most important process for the loss of dinitrophenols in soils. Both aerobic and 
anaerobic degradation of dinitrophenols by pure cultures of microorganisms isolated from soil have 
been reported (Schmidt and Gier 1989, 1990; Simpson and Evans 1953; Sudhakar-Barik and 
Sethunathan 1978). Shea et al. (1983) concluded from isolated culture studies that biodegradation in 
soil may proceed either by reduction of the nitro group or displacement of a nitro group by a hydroxyl 
group with the release of nitrite ions. The optimum pH for microbial degradation is near neutrality 
because of the low rate of sorption of DNP to soils and sediment (increasing bioavailability to 
microorganisms) and low toxicity of DNP towards microorganisms at this pH (O’Connor et al. 1990). 
A certain concentration of the degrader population must be reached before the onset of detectable 
dinitrophenol mineralization. The biodegradation will occur as long as the initial concentrations of 
DNP in soils and sediments do not exceed the level of ≈100 mg/kg. Above this level, DNP may be 
toxic to the degrader microorganisms (Bartha et al. 1967; Namkoong et al. 1988; Schmidt and Gier 
1989). Multiphasic (involving several types of reaction kinetics) mineralization kinetics have been 
observed for the degradation of dinitrophenols in soils. The presence of a consortium of bacteria in 
soil is responsible for these multiphasic degradation kinetics (Schmidt and Gier 1990). Depending on 
the soil (pH, organic matter content), the length of acclimation phase, as well as the initial 
concentration, the residence time of dinitrophenols for the aerobic biodegradation of soil may vary 
from 8 to 120 days (Kincannon and Lin 1985; Loehr 1989; O’Connor et al. 1990). 2,4-DNP also 
undergoes biotransformation in anaerobic soil and sediments. 2,4-DNP disappeared within hours due 
to reduction of the nitro groups to yield diaminophenol as a result of anaerobic activity (Kohping and 
Wiegel 1987). In contrast to the fast initial reductive biotransformation, the rate of conversion of 
2,4-DNP to methane and carbon dioxide was found to be slow. Slow and partial mineralization of 
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2,4-DNP at low concentrations (<20 mg/kg) to methane was observed under anaerobic conditions after 
a suitable adaptation period (Young 1986). 
5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT 
54.1 Air 
No monitoring data reporting the ambient air levels of dinitrophenols in the United States were 
located. However, the reported concentration ranges of 2,4- and 2,6-DNP in particulate matter in air 
in Yokohama, Japan, during 5 days were 2.4-12 and 3.0-9.2 µg/g particulates, respectively (Nojima et 
al. 1983). The detection of 2,4-DNP in urban fog (Richartz et al. 1990), rain, and snow (Alber et al. 
1989; Levsen et al. 1990) from European cities, and the detection of both 2,4- and 2,6-DNP in 
automobile exhaust gas (Nojima et al. 1983) are indirect indications of the presence of these 
compounds in the air. The maximum concentration of 2,4-DNP in fog from different sites in 
northeastern Bavaria was 30.4 µg/L (Richartz et al. 1990). 
5.4.2 Water 
No monitoring data regarding the concentrations of dinitrophenols in U.S. drinking water were located. 
2,4-DNP was not detected (unspecified detection limit) in water from lakes Erie and Michigan (The 
Great Lakes Water Quality Board 1983). In a study of the water quality of the Potomac River, 
2,4-DNP was detected at a concentration <10 µg/L in water near Chopawamsic Creek in Quantico, 
Virginia (Hall et al. 1987). Discharges from two sewage treatment plants upstream may be responsible 
for the presence of 2,4-DNP. The concentrations of 2,4-DNP in rain and snow in Hanover, Germany, 
ranged from <0.1 to 4.6 µg/L, with a mean concentration of 1.2 µg/L (Alber et al. 1989; Levsen et al. 
1990). 
The ranges of dinitrophenol (unspecified isomers) concentrations in raw waste waters and final 
effluents from a dye-manufacturing plant were 400-3,200 and <1-2,700 µg/L, respectively (Games and 
Hites 1977). According to STORET, 2,4-DNP was detected in 2% of effluent samples at a detection 
limit of 10 µg/L and in 0.4% of ambient water samples at a detection limit of 20 µg/L (Staples et al. 
1985). The concentration ranges of 2,4- and 2,6-DNP in the water of an agricultural watershed in the 
Netherlands were <0.l-3.5 and <1.0-l 1.0 µg/L, respectively (Wegman and Wammes 1983). The 
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source of dinitrophenols in the water was not specified and the investigators concluded that the 
reported data need further confirmation by mass spectrometry. 2,4-DNP was qualitatively detected in 
groundwater from three of three unidentified disposal sites in EPA region 3 (Delaware, Maryland, 
Pennsylvania, Virginia, and West Virginia) that have been monitored for its presence (Plumb 1991). 
The maximum detected 2,4-DNP concentration in the groundwater from a Superfund site in Minnesota 
was 30.6 mg/L (ATSDR 1988). This site was a former wood-preserving facility (post and pole 
preserving) that probably used 2,4-DNP as a wood preservative. The concentration of 2,4-DNP in the 
groundwater of a Superfund site in New Jersey was 40 µg/L (EPA 1988b). In a monitoring project for 
the detection of priority pollutants, 2,4-DNP was not detected (detection limit of 42 µg/L) in urban 
runoff from 15 cities (Cole et al. 1984). 
5.4.3 Sediment and Soil 
Dinitrophenols (unspecified isomers) were detected in the soil of a decommissioned wood-preserving 
facility in the rural community of Dixiana, South Carolina (EPA 1988a). 
5.4.4 Other Environmental Media 
In spite of the finding that aqueous solutions of 2,4-DNP quickly permeate plant cuticles and probably 
metabolize fast in plants, this chemical has been detected in conifer needles. Concentrations of 
2,4-DNP in the needles collected from different areas and of different ages ranged from <3.7 to 
33.1 µg/kg (Hinkel et al. 1989). The concentrations of 2,4-DNP were higher in needles obtained from 
roadside and urban areas than rural areas. The higher concentrations of 2,4-DNP in air and in soil, 
caused primarily by automobile exhaust near the roadside and by automobile exhaust and other 
anthropogenic sources in urban areas, may be responsible for the higher concentrations of 2,4-DNP in 
pine needles collected from these two areas. 2,4-DNP content was also higher in needles from older 
trees. Hinkel et al. (1989) explained that this was due to continuous input and accumulation rates 
exceeding degradation rates. 
5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 
The general population could be exposed to dinitrophenols by inhaling contaminated air and ingesting 
contaminated food and drinking water. The concentration of dinitrophenols in urban air is expected to 
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be higher than in rural air due to smog and heavy vehicular traffic. The concentration values for 
2,4-DNP in ambient air, drinking water, or food from any location in the United States, let alone 
typical values, were not located. Since the banning of 2,4-DNP in diet pills, there is no evidence of 
general population exposure to this compound from any consumer products. The general population 
may be dermally exposed to 2,4-DNP from using wood treated with 2,4-DNP or other insecticides 
containing this compound as an impurity. The occurrence of this exposure, however, has not been 
verified. 
The possibility of occupational exposure to 2,4-DNP in the chemical manufacturing industry and 
munitions manufacturing industry is discussed in Section 2.2.1.1. The level of 2,4-DNP in the air of 
one workroom area (where the chemical was handled) of an industry in the 1940s that manufactured 
picric acid was typically ≥40 mg/m3 (Gisclard and Woodward 1946). Occupational exposures to 
dinitrophenols would also occur in picramide manufacturing, dye manufacturing, the photographic 
industry, and wood treatment facilities. Studies establishing occupational exposure to dinitrophenols 
from these industries were not located, however. The National Occupational Exposure Survey (NOES) 
of 1983 estimated that a total of 130 and 28 workers are potentially exposed to 2,4- and 2,6-DNP, 
respectively (RTECS 1992). The NOES database does not contain data on the frequency, duration, 
concentration, or route of exposure of workers to dinitrophenols or any other chemical. 
2,4-DNP or its metabolites have not been measured in the tissues and body fluids of humans in the 
general population who did not deliberately ingest the compound (as a diet pill). 2-Amino-4-nitrophenol, 
a metabolite of 2,4-DNP, was qualitatively detected (Derrien test) in the urine of workmen in a 
munitions factory in France following inhalation exposure of dust and vapor of this compound and 
dermal exposure to this compound (Perkins 1919). In a case of fatal occupational poisoning from 
inhaling dust and vapor of 2,4-DNP in a U.S. chemical industry, the urine of the worker contained 
2.08 g/L of 2,4-DNP and 50 mg/L of the metabolite 2-amino-4-nitrophenol (Gisclard and Woodward 
1946). 2,4-DNP and its metabolite, 2-amino-4-nitrophenol, were detected in the urine of a woman 
who had taken sodium salt of 2,4-DNP as a diet pill at a dose of 3.5 mg/kg body weight/day 
(Davidson and Shapiro 1934). 
187 DINITROPHENOLS 
5. POTENTIAL FOR HUMAN EXPOSURE 
5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES 
Within the general population, occupational groups mentioned in Section 5.5 and people who live near 
hazardous waste sites have potentially high exposures to dinitrophenols. People who live in urban 
areas where vehicular traffic is high and atmospheric inversion is known to occur may be exposed to 
higher levels of DNP than populations of less polluted areas. The possibility of occupational exposure 
leading to higher-than-background population exposure to dinitrophenols is discussed in Section 5.4 
and 5.5. People who live near hazardous waste sites that contain this chemical may be exposed to 
higher concentrations of dinitrophenols by inhaling contaminated air or ingesting contaminated 
groundwater. Children near these waste sites especially may be exposed to DNP at higher levels, 
because they may digest or be dermally exposed to contaminated dirt while playing at these sites. The 
extent of such exposures for residents around waste sites, however, has not been documented. 
5.7 ADEQUACY OF THE DATABASE 
Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with 
the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 
adequate information on the health effects of dinitrophenols is available. Where adequate information 
is not available, ATSDR, in conjunction with the NTP, is required to assure the initiation of a program 
of research designed to determine the health effects (and techniques for developing methods to 
determine such health effects) of dinitrophenols. 
The following categories of possible data needs have been identified by a joint team of scientists from 
ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would 
reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 
that all data needs discussed in this section must be filled. In the future, the identified data needs will 
be evaluated and prioritized, and a substance-specific research agenda will be proposed. 
5.7.1 Identification of Data Needs 
Physical and Chemical Properties.  More experimental and estimated data on the physical and 
chemical properties for 2,4-DNP are available than for other dinitrophenols (see Table 3-2). Even in 
the case of 2,4-DNP, reliable experimental or estimated values are not available for vapor pressure, 
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Henry’s law constant, and log Koc. This is not surprising since dinitrophenols exist predominantly in 
the ionic forms at pH >6 with very low vapor pressure. If available, the physical constants are 
important in predicting the environmental transport of dinitrophenols. Therefore, it would be helpful 
to develop more reliable data on certain physical properties important in predicting the environmental 
fate of these compounds. 
Production, Import/Export, Use, Release, and Disposal. According to the Emergency 
Planning and Community Right-to-Know Act of 1986, 42 U.S.C. Section 11023, industries are 
required to submit chemical release and off-site transfer information to the EPA. The Toxics Release 
Inventory (TRI), which contains this information for 1992, became available in May of 1994. This 
database is updated yearly and should provide a list of industrial production facilities and emissions. 
Since each individual isomer of the dinitrophenols is manufactured by one or two U.S. companies 
(SRI 1992), the production volumes of dinitrophenols in recent years are considered confidential 
business information and are not available in open literature. No data were located that would permit 
comparison in the trend of dinitrophenol production rates in recent years or project future production 
volume. Similarly, the quantities of dinitrophenols exported from or imported into the United States 
from other countries in recent years remain unavailable. Dinitrophenols are used in industries to 
manufacture other products (HSDB 1994; Sax and Lewis 1987). Other than treated woods, very few 
consumer products are known to contain dinitrophenols. Considering the industrial uses of dinitrophenols, 
both water and soil are likely to be contaminated with significant quantities (ATSDR 1988; 
EPA 1988c; Games and Hites 1977; Plumb 1991; Wegman and Wammes 1983). Although some 
information about the disposal methods for dinitrophenols is available (HSDB 1994), more information 
about the efficiency of the different methods of destruction would be helpful. It would also be useful 
if information on the amounts of dinitrophenols disposed by the two principal methods (land disposal 
and incineration) were available. Specific information regarding federal regulations on disposal of 
2,4-DNP in land, in water, and by incineration is available (EPA 1992a, 1992b, 1992c). 
Environmental Fate. From the data in the literature, it is difficult to conclude whether dinitrophenols 
will partition in a particular environmental medium; therefore, it would be useful to study the 
concentration distribution of these compounds between the water and sediment in a natural body of 
water. The environmental transport of dinitrophenols from water by volatilization would not be 
significant (Callahan et al. 1979), but transport of these compounds from soil to groundwater was 
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observed (ATSDR 1988; Plumb 1991). Although it is known that these compounds degrade slowly 
via biodegradation in water (Games and Hites 1977) and at a faster rate in soil (Kincannon and Lin 
1985; Loehr 1989; O’Connor et al. 1990), it would be helpful to develop more quantitative data on the 
rate of biodegradation, particularly in natural water. The importance of abiotic processes, particularly 
photolysis and oxidation (by radicals, such as OH, HO2, NO3), in the transformation/degradation of 
these compounds in the environment needs further evaluation. Whether vapor-phase dinitrophenols 
undergo long-distance transport in the atmosphere needs further study. 
Bioavailability from Environmental Media.  Available absorption kinetics of dinitrophenols 
following ingestion and dermal contact are discussed in Section 2.3. No experimental or estimated 
data were located that provide information about the bioavailability of dinitrophenols from natural air, 
water, and soil. The observation that dinitrophenols are found at least partly in the particulate-sorbed 
state in the air (Nojima et al. 1983) indicates that their bioavailability from air is <100%. The 
adsorption of dinitrophenols to soil and sediment depends on the nature of soil and sediment (e.g., 
organic matter and clay content) and the pH of the medium (Callahan et al. 1979; Kaufman 1976). 
Therefore, the bioavailability of particle-sorbed dinitrophenols due to desorption from soil and 
sediment containing a high percent of organic matter and clay may be less than that of the free form 
(unadsorbed) of dinitrophenol. The bioavailability of dinitrophenols from inhaled air particulates with 
small particle diameters remains unknown. 
Food Chain Bioaccumulation.  The bioconcentration of dinitrophenols from water to aquatic 
organisms and from soil to plants is not expected to be important (EPA 1986a; O’Connor et al. 1990). 
No data were located on the biomagnification potential for dinitrophenols in predators that consume 
contaminated prey. 
Exposure Levels in Environmental Media. Reliable monitoring data for the levels of dinitrophenol in 
contaminated media at hazardous waste sites are needed so that the information obtained on levels of 
dinitrophenols in the environment can be used in combination with the known body burden 
of dinitrophenols to assess the potential risk of adverse health effects in populations living in the 
vicinity of hazardous waste sites. 
No monitoring data are available for dinitrophenol levels in ambient air, drinking water, and total diet 
samples (typical food consumed by a person in the United States) of the general population. 
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Consequently, daily human intake of these compounds from inhalation and ingestion routes remains 
unknown. Although the intake of dinitrophenols by the general population is expected to be low, 
studies that evaluate the daily intake would be useful. Since vehicular exhaust contains dinitrophenols 
(Nojima et al. 1983), it would be helpful to analyze roadside soil to determine whether such soils 
contain elevated levels of dinitrophenols. 
Exposure Levels in Humans. Only limited data on the levels of 2,4-DNP in human tissue and 
body fluids are available. Most of these data are quite dated and were obtained using outdated 
analytical methods (Davidson and Shapiro 1934; Gisclard and Woodward 1946; Perkins 1919). 
Studies that determine the levels of 2,4-DNP and its major metabolite (2-amino-4-nitrophenol) in the 
blood and urine of the general population and in people living near hazardous waste sites containing 
these pollutants would be useful. This information is necessary for assessing the need to conduct 
health studies on these populations. 
Exposure Registries.  No exposure registries for dinitrophenols were located. These substances 
are not currently compounds for which a subregistry has been established in the National Exposure 
Registry. These substances will be considered in the future when chemical selection is made for 
subregistries to be established. The information that is amassed in the National Exposure Registry 
facilitates the epidemiological research needed to assess adverse health outcomes that may be related 
to exposure to this substance. 
5.7.2 Ongoing Studies 
No ongoing studies were located that would fill the gap in data concerning the fate, transport, and 
monitoring of dinitrophenols in environmental and biological samples. 
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The purpose of this chapter is to describe the analytical methods that are available for detecting, and/or 
measuring, and/or monitoring dinitrophenols, their metabolites, and other biomarkers of exposure and 
effect to dinitrophenols. The intent is not to provide an exhaustive list of analytical methods. Rather, 
the intention is to identify well-established methods that are used as the standard methods of analysis. 
Many of the analytical methods used for environmental samples are the methods approved by federal 
agencies and organizations such as EPA and the National Institute for Occupational Safety and Health 
(NIOSH). Other methods presented in this chapter are those that are approved by groups such as the 
Association of Official Analytical Chemists (AOAC) and the American Public Health Association 
(APHA). Additionally, analytical methods are included that modify previously used methods to obtain 
lower detection limits, and/or to improve accuracy and precision. 
A survey of literature revealed that dinitrophenols (mostly 2,4-DNP) in environmental and biological 
samples are quantitated following extraction and sample clean-up steps. Acid-base partitioning is 
generally used for sample clean-up. This clean-up method takes advantage of the fact that DNPs are 
extractable from an organic phase into aqueous phase at pH 12 or above, and back into the organic 
phase at a pH of 1 to 2. Extreme care should be taken while concentrating solvent extracts to prevent 
evaporative loss; propylene glycol may be used as a keeper to reduce evaporative loss (Robert and 
Hagardom 1985; Schultz 1983). 
Both gas chromatographic (GC) and high-performance liquid chromatographic (HPLC) columns are 
often used as the final step towards resolution of components in a mixture. When GC is used, a much 
higher resolution of components in the sample can be attained with fused silica capillary columns than 
with packed columns. Low polarity capillary columns, such as HP-l (Hewlett-Packard) and DB-5 
(J & W Scientific), give higher resolution for phenolic compounds than higher polarity columns such 
as DB-7 and DB-1701 (Williams et al. 1991). A variety of detectors has been used to quantitate 
dinitrophenols; these include flame ionization (FID), Fourier transformation infrared spectrometric 
(FTIR), mass spectrometric, ultraviolet (UV), photodiode array, electrochemical and nitrogenphosphorus 
detectors (NPD) (Alber et al. 1989; Bihm et al. 1989; Borra et al. 1986; EPA 1982a, 1986c; Nick and 
Schoeler 1992; Robert and Hagardom 1985; Wegman and Wammes 1983; Williams et al. 1991). 
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Because underivatized nitrophenols are irreversibly sorbed on active sites of GC column materials, it 
may be necessary to derivatize the compounds to increase their volatility to enhance elution from the 
GC column (Nojima et al. 1983). HPLC is advantageous for determining dinitrophenols because 
derivatization is not required, and the detectors used in conjunction with HPLC methods are more 
sensitive than either flame ionization or mass spectrometric detection used in GC methods (Alber et al. 
1989; Bengtsson 1985; Bihm et al. 1989) (see Section 6-2). Gas chromatography-Fourier 
transformation infrared spectroscopy (GC-FTIR) gives slightly better sensitivity of detection for 
dinitrophenols than GC-electron impact mass spectrometry (EIMS) (Williams et al. 1991). Mass 
spectrometry with negative ion chemical ionization (NICI) provides considerably higher sensitivity for 
determination of nitroaromatics compared to the EI method (Levsen et al. 1993). When HPLC 
methods are used in combination with pulsed amperometric detection, the detection limit can be at 
least an order of magnitude lower than photodiode array-UV detection and two orders of magnitude 
lower than UV detection alone (Alber et al. 1989; Baldwin and Debowski 1988; Bihm et al. 1989). 
The sensitivity of detection for 2,4-DNP derivatized by diazomethane and quantitated by HRGC/NPD 
(high resolution gas chromatography-nitrogen phosphorus detection) is comparable to the sensitivity of 
photodiode array-UV detection (Nick and Schoeler 1992). 
Besides the methods given in Table 6-l and Table 6-2, several others are available to determine 
dinitrophenols in biological and environmental samples. Immunoassay methods with sensitivities 
comparable to those of the conventional methods given in Tables 6-l and 6-2 are noteworthy (Bush 
and Rechnitz 1987; Huang et al. 1992; Kusterbeck et al. 1990; Wannlund and DeLuca 1982). 
However, methods based on antibody sorption have not yet been validated on samples derived from 
environmental and biological sources, so it is not clear what methods of clean-up are necessary prior 
to quantitation of dinitrophenols. Some of the other detection methods with superior sensitivities that 
can determine dinitrophenols are surface-enhanced resonance Raman spectroscopy (Ni et al. 1989), 
tandem mass spectrometry (McLukey et al. 1985), fiber optic-modified photothermal deflection 
spectrometry (Bohnert et al. 1992), and combined liquid chromatography/mass spectrometry 
(Christensen et al. 1980). 
6.1 BIOLOGICAL SAMPLES 
Analytical methods used to determine dinitrophenols in biological samples are listed in Table 6-l. 
Whether the sensitivity of the analytical methods given in Table 6-l will permit determination of 
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dinitrophenols in body tissues and fluids of the general population cannot be ascertained because 
information on dinitrophenol levels in the general population is not available. The urine of a man 
fatally poisoned by 2,4-DNP was found to contain 2-amino-4-nitrophenol, 4-amino-2-nitrophenol and 
diaminophenol (possibly 2,4-diaminophenol) (NAS/NRC 1982). 2,4-DNP is also excreted as partially 
unchanged and partially conjugated with glucuronic acid, and the metabolite 2-amino-4-nitrophenol is 
excreted as partially conjugated with sulfate in mammalian urine (NAS/NRC 1982). The conjugated 
metabolites are usually hydrolyzed by heating with acid/base to release the parent compounds for 
quantification. 
Very few sensitive methods are available for the determination of dinitrophenol metabolites in 
biological samples. Most metabolites contain three functional groups (i.e., nitro, amino and phenolic 
hydroxyl groups). Extraction of these substances from an aqueous phase (e.g., urine) to an organic 
solvent is expected to give poor recovery (Levsen et a1.1993). The peak tailing observed in most 
packed GC column separations requires that these compounds be either derivatized or a suitable 
capillary column be used for the extracts of an underivatized sample. Since the metabolites contain 
two nitrogen atoms in each molecule, NPD detection after methylation with diazomethane is useful for 
quantitation of these compounds. Derivatization with heptafluorobutyric anhydride is expected to be 
more suitable for electron capture detection. The determination of underivatized amino-nitrophenols 
by HPLC with UV-photodiode array detection may also be possible. Robert and Hagardorn (1985) 
had used a HRGC/MS method for the determination of 2,4-DNP and the amino-nitrophenol 
metabolites in serum and plasma (see Table 6-l). However, the values for the recovery and precision 
of the compounds by this method were not provided. In the absence of experimentally determined 
values of recovery, precision and detection limit for each of these methods, it is not possible to select 
a preferred method for the determination of dinitrophenol metabolites in biological samples. 
6.2 ENVIRONMENTAL SAMPLES 
Analytical methods used to determine dinitrophenols in environmental samples are given in Table 6-2. 
For aqueous samples, continuous liquid-liquid extraction with organic solvent(s) provided higher 
recovery of 2,4-DNP in solvent extract than discontinuous (e.g., shaking in separatory funnel) 
extraction (Levsen et al. 1993). Dinitrophenols can also be extracted from aqueous samples by Solid-
phase extraction. The adsorbed 2,4-DNP is eluted from the column by a suitable solvent. The 
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recovery of 2,4-DNP was >90% with membrane disks impregnated with acetyl-polystyrene-divinyl-
benzene (Schmidt et al. 1993) and 89% with a C-18 adsorbent (Levsen et al. 1993). 
6.3 ADEQUACY OF THE DATABASE 
Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with 
the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 
adequate information on the health effects of dinitrophenol is available. Where adequate information 
is not available, ATSDR, in conjunction with the NTP, is required to assure the initiation of a program 
of research designed to determine the health effects (and techniques for developing methods to 
determine such health effects) of dinitrophenols. 
The following categories of possible data needs have been identified by a joint team of scientists from 
ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would 
reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 
that all data needs discussed in this section must be filled. In the future, the identified data needs will 
be evaluated and prioritized, and a substance-specific research agenda will be proposed. 
6.3.1 Identification of Data Needs 
Methods for Determining Biomarkers of Exposure and Effect. No biomarker has been 
identified that can be quantitatively related to dinitrophenol exposure (see Section 2.5.1); however, the 
presence and the amount of 2,4-DNP and 2-amino-4-nitrophenol, a metabolite in the urine, can be used 
as rough indicators of the intensity of exposure (see Section 2.5.1). The methods presently available 
for determining 2,4-DNP and 2-amino-4-nitrophenol (diazotization) in urine are outdated (Gisclard and 
Woodward 1946). An enzyme-linked immunosorbent assay (ELISA) is available for the quantitation 
of 2-amino-4-nitrophenol in water samples, but is not effective in urine (Li et al. 1991). It would be 
useful to develop an updated routine method for determining 2,4-DNP, 2-amino-4-nitrophenol, and 
4-amino-2-nitrophenol in urine with well-defined detection limits, precision, and accuracy. 
No known effect in humans can be quantitatively related to dinitrophenol exposure. 
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Methods for Determining Parent Compounds and Degradation Products in
 
Environmental Media. Analytical methods with high sensitivity are available for determining
 
dinitrophenols in environmental samples (Alber et al. 1989; Baldwin and Debowski 1988; Bihm et al.
 
1989; Borra et al. 1986; Nojima et al. 1983; Wegman and Wammes 1983). Highly sensitive analytical
 
methods are also available for determining the observed mineralization products, carbon dioxide,
 
methane, nitrate, and nitrite (Bartha et al. 1967; Battersby and Wilson 1989; Richartz et al. 1990;
 
Schmidt and Gier 1989).
 
Analytical methods are also available for the determination of 2-amino-4-nitrophenol, 4-amino-2­
nitrophenol, and diaminophenol, which are intermediate products of 2,4-DNP biodegradation (Kohping
 
and Wiegel 1987; Madhosingh 1961). However, the details of the HPLC method used for the
 
determination of a biodegradation product of 2,4-DNP (diaminophenol) was not given (see Kohping
 
and Wiegel 1987). A GC/FID and a GC/MS method used for the determination of biodegradation
 
products (phenol and benzene) of 2,4-DNP (Boopathy and Kulpa 1993) did not provide data on
 
accuracy, precision or sensitivity of the method. This method is presented in Table 6-2.
 
6.3.2 Ongoing Studies 
No ongoing studies were located in Federal Research in Progress (FEDRIP 1993) that would improve 
the available analytical methods for determining dinitrophenols in biological and environmental 
samples. 
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The national and state regulations and guidelines regarding air, water, and other media are summarized 
in Table 7-l. 
An MRL of 0.01 mg/kg/day has been derived for acute-duration oral exposure (14 days or less) to 
2,4-DNP, based on a LOAEL of 1.2 mg/kg/day identified in humans who took 2,4-DNP for weight 
reduction (Tainter et al. 1935b). 
EPA has verified a chronic RfD of 0.002 mg/kg/day for 2,4-DNP based on a LOAEL value for 
intermediate-duration exposure of 2 mg/kg/day for cataracts from a review by Horner (1942) of the 
anecdotal cases and clinical studies of patients taking this drug for weight reduction (IRIS 1994). No 
reference concentration exists for exposure by inhalation to 2,4-DNP. 
2,4-DNP is on the list of chemicals appearing in “The Emergency Planning and Community Right-to-
Know Act of 1986” (EPCRA) (EPA 1988b). Section 313 of Title III of EPCRA requires owners and 
operators of certain facilities that manufacture, import, process, or otherwise use the chemicals on this 
list to report annually their release of those chemicals to any environmental media. 
2,4-DNP is regulated by the Clean Water Effluent Guidelines as stated in Title 40, Sections 400-475, 
of the Code of Federal Regulations. The point source categories for which 2,4-DNP is controlled as a 
Total Toxic Organic include electroplating, metal finishing, and steam electric power generation. 
The Resource Conservation and Recovery Act identifies dinitrophenols as a hazardous waste in two 
ways: (1) when it occurs as a waste from specific sources (EPA 1981a), and (2) when discarded as a 
commercial product that does not meet specifications, container residue, or spill residue (EPA 1980a). 
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Acute Exposure -- Exposure to a chemical for a duration of 14 days or less, as specified in the 
Toxicological Profiles. 
Adsorption Coefficient (Koc) -- The ratio of the amount of a chemical adsorbed per unit weight of 
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium. 
Adsorption Ratio (Kd) -- The amount of a chemical adsorbed by a sediment or soil (i.e., the solid 
phase) divided by the amount of chemical in the solution phase, which is in equilibrium with the solid 
phase, at a fixed solid/solution ratio. It is generally expressed in micrograms of chemical sorbed per 
gram of soil or sediment. 
Bioconcentration Factor (BCF) -- The quotient of the concentration of a chemical in aquatic 
organisms at a specific time or during a discrete time period of exposure divided by the concentration 
in the surrounding water at the same time or during the same period. 
Cancer Effect Level (CEL) -- The lowest dose of chemical in a study, or group of studies, that 
produces significant increases in the incidence of cancer (or tumors) between the exposed population 
and its appropriate control. 
Carcinogen -- A chemical capable of inducing cancer. 
Ceiling Value -- A concentration of a substance that should not be exceeded, even instantaneously. 
Chronic Exposure -- Exposure to a chemical for 365 days or more, as specified in the Toxicological 
Profiles. 
Developmental Toxicity -- The occurrence of adverse effects on the developing organism that may 
result from exposure to a chemical prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation. Adverse developmental effects may be detected at any 
point in the life span of the organism. 
Embryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a result of prenatal exposure 
to a chemical; the distinguishing feature between the two terms is the stage of development during 
which the insult occurred. The terms, as used here, include malformations and variations, altered 
growth, and in utero death. 
EPA Health Advisory -- An estimate of acceptable drinking water levels for a chemical substance 
based on health effects information. A health advisory is not a legally enforceable federal standard, 
but serves as technical guidance to assist federal, state, and local officials. 
Immediately Dangerous to Life or Health (IDLH) -- The maximum environmental concentration of 
a contaminant from which one could escape within 30 min without any escape-impairing symptoms or 
irreversible health effects. 
Intermediate Exposure -- Exposure to a chemical for a duration of 15-364 days, as specified in the 
Toxicological Profiles. 
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Immunologic Toxicity -- The occurrence of adverse effects on the immune system that may result 
from exposure to environmental agents such as chemicals. 
In Vitro -- Isolated from the living organism and artificially maintained, as in a test tube. 
In Vivo -- Occurring within the living organism. 
Lethal Concentration(LO) (LCLO) -- The lowest concentration of a chemical in air which has been 
reported to have caused death in humans or animals. 
Lethal Concentration(50) (LC50) -- A calculated concentration of a chemical in air to which exposure 
for a specific length of time is expected to cause death in 50% of a defined experimental animal 
population. 
Lethal Dose(LO) (LDLO) -- The lowest dose of a chemical introduced by a route other than inhalation 
that is expected to have caused death in humans or animals. 
Lethal Dose(50) (LD50) -- The dose of a chemical which has been calculated to cause death in 50% of a 
defined experimental animal population. 
Lethal Time(50) (LT50) -- A calculated period of time within which a specific concentration of a 
chemical is expected to cause death in 50% of a defined experimental animal population. 
Lowest-Observed-Adverse-Effect Level (LOAEL) -- The lowest dose of chemical in a study, or 
group of studies, that produces statistically or biologically significant increases in frequency or severity 
of adverse effects between the exposed population and its appropriate control. 
Malformations -- Permanent structural changes that may adversely affect survival, development, or 
function. 
Minimal Risk Level -- An estimate of daily human exposure to a dose of a chemical that is likely to 
be without an appreciable risk of adverse noncancerous effects over a specified duration of exposure. 
Mutagen -- A substance that causes mutations. A mutation is a change in the genetic material in a 
body cell. Mutations can lead to birth defects, miscarriages, or cancer. 
Neurotoxicity -- The occurrence of adverse effects on the nervous system following exposure to 
chemical. 
No-Observed-Adverse-Effect Level (NOAEL) -- The dose of chemical at which there were no 
statistically or biologically significant increases in frequency or severity of adverse effects seen 
between the exposed population and its appropriate control. Effects may be produced at this dose, but 
they are not considered to be adverse. 
Octanol-Water Partition Coefficient (Kow) -- The equilibrium ratio of the concentrations of a 
chemical in n-octanol and water in dilute solution. 
Permissible Exposure Limit (PEL) -- An allowable exposure level in workplace air averaged over an 
8-hour shift. 
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q1* -- The upper-bound estimate of the low-dose slope of the dose-response curve as determined by 
the multistage procedure. The ql* can be used to calculate an estimate of carcinogenic potency, the 
incremental excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and 
µg/m3 for air). 
Reference Dose (RfD) -- An estimate (with uncertainty spanning perhaps an order of magnitude) of 
the daily exposure of the human population to a potential hazard that is likely to be without risk of 
deleterious effects during a lifetime. The RfD is operationally derived from the NOAEL (from animal 
and human studies) by a consistent application of uncertainty factors that reflect various types of data 
used to estimate RfDs and an additional modifying factor, which is based on a professional judgment 
of the entire database on the chemical. The RfDs are not applicable to nonthreshold effects such as 
cancer. 
Reportable Quantity (RQ) -- The quantity of a hazardous substance that is considered reportable 
under CERCLA. Reportable quantities are (1) 1 pound or greater or (2) for selected substances, an 
amount established by regulation either under CERCLA or under Sect. 311 of the Clean Water Act. 
Quantities are measured over a 24-hour period. 
Reproductive Toxicity -- The occurrence of adverse effects on the reproductive system that may 
result from exposure to a chemical. The toxicity may be directed to the reproductive organs and/or the 
related endocrine system. The manifestation of such toxicity may be noted as alterations in sexual 
behavior, fertility, pregnancy outcomes, or modifications in other functions that are dependent on the 
integrity of this system. 
Short-Term Exposure Limit (STEL) -- The maximum concentration to which workers can be 
exposed for up to 15 min continually. No more than four excursions are allowed per day, and there 
must be at least 60 min between exposure periods. The daily TLV-TWA may not be exceeded. 
Target Organ Toxicity -- This term covers a broad range of adverse effects on target organs or 
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited 
exposure to those assumed over a lifetime of exposure to a chemical. 
Teratogen -- A chemical that causes structural defects that affect the development of an organism. 
Threshold Limit Value (TLV) -- A concentration of a substance to which most workers can be 
exposed without adverse effect. The TLV may be expressed as a TWA, as a STEL, or as a CL. 
Time-Weighted Average (TWA) -- An allowable exposure concentration averaged over a normal 8­
hour workday or 40-hour workweek. 
Toxic Dose (TD50) -- A calculated dose of a chemical, introduced by a route other than inhalation, 
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population. 
Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD from experimental data. 
Ufs are intended to account for (1) the variation in sensitivity among the members of the human 
population, (2) the uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in 
extrapolating from data obtained in a study that is of less than lifetime exposure, and (4) the 
uncertainty in using LOAEL data rather than NOAEL data. Usually each of these factors is set equal 
to 10. 
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USER’S GUIDE 
Chapter 1 
Public Health Statement 
This chapter of the profile is a health effects summary written in non-technical language. Its intended 
audience is the general public especially people living in the vicinity of a hazardous waste site or 
chemical release. If the Public Health Statement were removed from the rest of the document, it 
would still communicate to the lay public essential information about the chemical. 
The major headings in the Public Health Statement are useful to find specific topics of concern. The 
topics are written in a question and answer format. The answer to each question includes a sentence 
that will direct the reader to chapters in the profile that will provide more information on the given 
topic. 
Chapter 2 
Tables and Figures for Levels of Significant Exposure (LSE) 
Tables (2-1, 2-2, and 2-3) and figures (2-l and 2-2) are used to summarize health effects and illustrate 
graphically levels of exposure associated with those effects. These levels cover health effects observed 
at increasing dose concentrations and durations, differences in response by species, minimal risk levels 
(MRLs) to humans for noncancer endpoints, and EPA’s estimated range associated with an upperbound 
individual lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. Use the LSE tables and 
figures for a quick review of the health effects and to locate data for a specific exposure scenario. The 
LSE tables and figures should always be used in conjunction with the text. All entries in these tables 
and figures represent studies that provide reliable, quantitative estimates of No-Observed-Adverse-
Effect Levels (NOAELs), Lowest-Observed- Adverse-Effect Levels (LOAELs), or Cancer Effect 
Levels (CELs). 
The legends presented below demonstrate the application of these tables and figures. Representative 
examples of LSE Table 2-l and Figure 2-l are shown. The numbers in the left column of the legends 
correspond to the numbers in the example table and figure. 
LEGEND 
See LSE Table 2-1 
(1) 	 Route of Exposure One of the first considerations when reviewing the toxicity of a substance 
using these tables and figures should be the relevant and appropriate route of exposure. When 
sufficient data exists, three LSE tables and two LSE figures are presented in the document. The 
three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, and 
dermal (LSE Table 2-1, 2-2, and 2-3, respectively). LSE figures are limited to the inhalation 
(LSE Figure 2-l) and oral (LSE Figure 2-2) routes. Not all substances will have data on each 
route of exposure and will not therefore have all five of the tables and figures. 
A-2 DINITROPHENOLS 
APPENDIX A 
(2) 	Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15­
364 days), and chronic (365 days or more) are presented within each relevant route of exposure. 
In this example, an inhalation study of intermediate exposure duration is reported. For quick 
reference to health effects occurring from a known length of exposure, locate the applicable 
exposure period within the LSE table and figure. 
(3) 	Health Effect The major categories of health effects included in LSE tables and figures are 
death, systemic, immunological, neurological, developmental, reproductive, and cancer. 
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer. 
Systemic effects are further defined in the “System” column of the LSE table (see key number 
18). 
(4)  	Key to Figure Each key number in the LSE table links study information to one or more data 
points using the same key number in the corresponding LSE figure. In this example, the study 
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL 
(also see the 2 “18r” data points in Figure 2-l). 
(5) 	Species The test species, whether animal or human, are identified in this column. Section 2.3, 
“Relevance to Public Health,” covers the relevance of animal data to human toxicity and Section 
2.4, “Toxicokinetics,” contains any available information on comparative toxicokinetics. 
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent 
human doses to derive an MRL 
(6)  	Exposure Frequency/Duration The duration of the study and the weekly and daily exposure 
regimen are provided in this column. This permits comparison of NOAELs and LOAELs from 
different studies. In this case (key number 18), rats were exposed to toxaphene via inhalation for 
6 hours per day, 5 days per week, for 3 weeks. For a more complete review of the dosing 
regimen refer to the appropriate sections of the text or the original reference paper, i.e., Nitschke 
et al. 1981. 
(7) 	System This column further defines the systemic effects. These systems include: respiratory, 
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and dermal/ocular. 
“Other” refers to any systemic effect (e.g., a decrease in body weight) not covered in these 
systems. In the example of key number 18, 1 systemic effect (respiratory) was investigated. 
(8) 	NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which 
no harmful effects were seen in the organ system studied. Key number 18 reports a NOAEL of 
3 ppm for the respiratory system which was used to derive an intermediate exposure, inhalation 
MRL of 0.005 ppm (see footnote “b”). 
(9) 	LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the 
study that caused a harmful health effect. LOAELs have been classified into “Less Serious” and 
“Serious” effects. These distinctions help readers identify the levels of exposure at which 
adverse health effects first appear and the gradation of effects with increasing dose. A brief 
description of the specific endpoint used to quantify the adverse effect accompanies the LOAEL. 
The respiratory effect reported in key number 18 (hyperplasia) is a Less serious LOAEL of 10 
ppm. MRLs are not derived from Serious LOAELs. 
(10) Reference The complete reference citation is given in chapter 8 of the profile. 
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(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of 
carcinogenesis in experimental or epidemiologic studies. CELs are always considered serious 
effects. The LSE tables and figures do not contain NOAELs for cancer, but the text may report 
doses not causing measurable cancer increases. 
(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found 
in the footnotes. Footnote “b” indicates the NOAEL of 3 ppm in key number 18 was used to 
derive an MRL of 0.005 ppm. 
LEGEND 
See Figure 2-l 
LSE figures graphically illustrate the data presented in the corresponding LSE tables. Figures help the 
reader quickly compare health effects according to exposure concentrations for particular exposure 
periods. 
(13) Exposure Period The same exposure periods appear as in the LSE table. In this example, health 
effects observed within the intermediate and chronic exposure periods are illustrated. 
(14) Health Effect These are the categories of health effects for which reliable quantitative data 
exists. The same health effects appear in the LSE table. 
(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are 
graphically displayed in the LSE figures. Exposure concentration or dose is measured on the log 
scale “y” axis. Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in 
mg/kg/day. 
(16) NOAEL In this example, 18r NOAEL is the critical endpoint for which an intermediate 
inhalation exposure MRL is based. As you can see from the LSE figure key, the open-circle 
symbol indicates to a NOAEL for the test species-rat. The key number 18 corresponds to the 
entry in the LSE table. The dashed descending arrow indicates the extrapolation from the 
exposure level of 3 ppm (see entry 18 in the Table) to the MRL of 0.005 ppm (see footnote “b” 
in the LSE table). 
(17) CEL Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived. The 
diamond symbol refers to a Cancer Effect Level for the test species-mouse. The number 38 
corresponds to the entry in the LSE table. 
(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the 
upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. These risk levels are 
derived from the EPA’s Human Health Assessment Group’s upper-bound estimates of the slope 
of the cancer dose response curve at low dose levels (q1*). 
(19) Key to LSE Figure The Key explains the abbreviations and symbols used in the figure. 
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Chapter 2 (Section 2.4) 
Relevance to Public Health 
The Relevance to Public Health section provides a health effects summary based on evaluations of 
existing toxicologic, epidemiologic, and toxicokinetic information. This summary is designed to 
present interpretive, weight-of-evidence discussions for human health endpoints by addressing the 
following questions. 
1. What effects are known to occur in humans? 
2. What effects observed in animals are likely to be of concern to humans? 
3. What exposure conditions are likely to be of concern to humans, especially around hazardous
    waste sites? 
The section covers endpoints in the same order they appear within the Discussion of Health Effects by 
Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect. Human data 
are presented first, then animal data. Both are organized by duration (acute, intermediate, chronic). In 
vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also 
considered in this section. If data are located in the scientific literature, a table of genotoxicity 
information is included. 
The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using 
existing toxicokinetic, genotoxic, and carcinogenic data. ATSDR does not currently assess cancer 
potency or perform cancer risk assessments. Minimal risk levels (MRLs) for noncancer endpoints (if 
derived) and the endpoints from which they were derived are indicated and discussed. 
Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to 
public health are identified in the Data Needs section. 
Interpretation of Minimal Risk Levels 
Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for 
inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic). 
These MRLs are not meant to support regulatory action; but to acquaint health professionals with 
exposure levels at which adverse health effects are not expected to occur in humans. They should 
help physicians and public health officials determine the safety of a community living near a chemical 
emission, given the concentration of a contaminant in air or the estimated daily dose in water. MRLs 
are based largely on toxicological studies in animals and on reports of human occupational exposure. 
MRL users should be familiar with the toxicologic information on which the number is based. 
Chapter 2.5, “Relevance to Public Health,” contains basic information known about the substance. 
Other sections such as 2.7, “Interactions with Other Substances,” and 2.8, “Populations that are 
Unusually Susceptible,” provide important supplemental information. 
MRL users should also understand the MRL derivation methodology. MRLs are derived using a 
modified version of the risk assessment methodology the Environmental Protection Agency (EPA) 
provides (Barnes and Dourson 1988) to determine reference doses for lifetime exposure (RfDs). 
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To derive an MRL, ATSDR generally selects the most sensitive endpoint which, in its best judgement, 
represents the most sensitive human health effect for a given exposure route and duration. ATSDR 
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is 
available for all potential systemic, neurological, and developmental effects. If this information and 
reliable quantitative data on the chosen endpoint are available, ATSDR derives an MRL using the 
most sensitive species (when information from multiple species is available) with the highest NOAEL 
that does not exceed any adverse effect levels. When a NOAEL is not available, a 
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty 
factor (UF) of 10 must be employed. Additional uncertainty factors of 10 must be used both for 
human variability to protect sensitive subpopulations (people who are most susceptible to the health 
effects caused by the substance) and for interspecies variability (extrapolation from animals to 
humans). In deriving an MRL, these individual uncertainty factors are multiplied together. The 
product is then divided into the inhalation concentration or oral dosage selected from the study. 
Uncertainty factors used in developing a substance-specific MRL are provided in the footnotes of the 
LSE Tables. 




